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PEBFACE. 



It would probably be within safe limits to assert that one-half of 
the time expended in computations is wasted through the use of an 
excessive number of places of figures, and through failure to employ 
logarithms. This waste might be almost wholly avoided by follow- 
ing a few simple computation rules and practising slightly with 
logarithm tables. 

The loss from the use of superfluous figures will be appreciated 
when it is considered that in direct or logarithmic multiplication and 
division with four, five, and six places of figures the work is respec- 
tively in the ratio of i : a : 3, or perhaps more nearly 2:3:4. Thus 
contrary to the fallacious excuse so commonly given that it is just 
about as easy to use six- or seven-place tables as smaller ourb, the 
work is doubled or trebled by the use of six places instead of four. 
Even the employment of six- or seven-place tables, and dropping 
superfluous places when four or five are desired, causes much loss 
of time. 

The proper employment of logarithms for work of four or more 
places effects a saving of one-quartet and upward of the time 
required for direct multiplicatioQ or division, with a lessening of 
fatigue and a gain of accuracy. 

The following pages contain simple rules to enable one to answer 
for himself the question, how many places of figures ought I to use 
in this computation ? — also, an explanation of the use of the nota- 
tion by powers of ten; certain instructions, more or less novel in 
form, as to the use of the logarithm and other tables ; and a collection 
of useful tables. This collection is designed to contain all the mathe- 
matical tables ordinarily required, and nothing more, in practical 
work in all branches of the engineering professions, and by students 
of physics, chemistry, and engineering, for work of any grade not 
exceeding about one-twentieth of one per cent in accuracy. For 
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many persons the pceaent volume should, therefore, provide all the 
logarithmic and trigonometric tables needed for the entiie range of 
their practice. For work of greater precision than the above limit, 
the more bulky Vega, or some similar reliable seven-place table 
would be required. It is exceedingly rare that more than six or 
seven places are necessary, while for most work five are sufficient, 
although a striking chapter of absurd lUustratione might be gleaned 
from various textbooks and tables where ten- and even twenty-place 
logarithms are given, often for quantities imcertain in their fourth 
or fifth place. Persons doing much work with aquai-es, cubes, squiire 
roots, cube roots, or reciprocals of more than four places would natu- 
rally make use of the Barlow Tables. 

The rules for significant figures (p^es xi to xv) are intended to 
be terse, direct, and simple, so that they may be easily acquired and 
retained. The strong type emphasizes the leading portions. The 
ordinary and finer types give details and explanations. For the sake 
of affording still greater prominence to the main working portions, 
some explanatory matter which will be unnecessary to many per- 
sons has been transferred from its more logical position of precedence 
to the latter part of the text. These rules in various forms have 
been in successful use by large classes of students, in connection 
with the author's "Physical Laboratory Notes" (printed, but not 
published, by the Massachusetts Institute of Technology), and his 
"Precision of Measurements." The recognition of the need of such 
rules amongst engineers and others whose practical work demands 
rapid and reliable computations was the cause of their general intro 
ductiou into this laboratory instruction. It is therefore hoped that 
they may render effective service to others besides the students for 
whom they have been more directly designed. 

In the arrangement of the tables, the effort has been exerted to 
make them correct, legible, systematic, and convenient in use. A 
new set of tables is, of course, liable to contain mistakes ; notices of 
errata will therefore be thankfully received. 

The special indexing of the comers of pages, the use of heavy 
type at points to be made conspicuous, the employment of spaces 
rather than rules for the partition of lines and columns, and the 
style of type and kind of paper used, are believed to conduce to 
legibility. As to system of arrangement, there are few novelties 
other than the insertion of the logs, cologs, and reciprocals of i.ooo 
to 1. 100 at the top of the respective four-place tables, and the division 
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of most of the four-place tables so that the seeond page begins with 
5.0 Instead of the customary 4.5. The frequent occurrence of cor 
rection and reduction factors, ranging from i.o to 1,1, renders this 
by far the most frequently nsed part of the table; while at the same 
time, on account of the large tabulai- differences, interpolation is 
here the most laborious. The insertion of logs, cologs, and recipro- 
cals from 1,0 to I.I with increments of o.ooi and o.oooi, respec- 
tively, in the four- and five-place tables, obviates this interpolation. 
In tables of antilogs and square roots the addition would be of little 
service. In the tables of logarithms and of square roots, heavier 
type has been used at apparently scattered points throughout the 
body of the tables. These points, in the five-place logarithm tables, 
for instance, are where the first two figures in the mantissa change 
by one unit in the second place, e-g. 00, 01, 02, etc. The obvious 
service of this is to aid the eye in finding any desired mantissa in 
working the table backward to obtain the antilog or nmnber corre- 
sponding. The object is, of course, the same in the other tables: 

As to the wisdom of departing from the usual custom of omitting 
decimal points entirely from logarithm tables, the author believes 
that the retention of the point promotes clearness of comprehension 
of the tables by beginners, and lessens mental effort in more experi- 
enced computers, especially when associated with the notation by 
powers of 10, as in the explanations here given. It seems unfortu- 
nate that this simple notation, so useful in computation and so great 
an aid in the explanation of numerical relations, is not uuiversally 
incorporated into arithmetical instruction. 

The rules for the employment of logarithms and of the tables 
have not been prepared especially to meet the need of those entirely 
unfamiliar with the principles of logarithms, although they would 
probably be intelligible to any mature beginner. It is thought, how- 
ever, that the explanations and instructions given may prove an aid 
even to those who are already somewhat familiar with the subject. 

ROOERB LABORATORT OF PhYBICB, 

Massac HUB QTTB Inbtitdtb or Teichmoumt. 
Boston, A-ugnat, 1895. 
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COMPUTATION RULES. 



PROPER NUMBER OF PLACES OF SIONIFICAITT FIGURES. 

The following three pages contain the rules and their underlying 
principles in a condensed form for ready reference. For readers to 
whom some of the terms employed are unfamiliar, or who desire 
fuller proofs and explanations, some additional pages of "Definitions 
and Explanations " have been appended. 

These rules should enable a computer to decide at the outset of 
his work, or at the successive stages of it, what number of places of 
significant figures he should retain in order to avoid waste of labor 
on the one hand or sacrifice of accuracy on the other. They provide 
for a sufficient number of places to assure that {barring mistakes) 
the accumulated en-or arising from the rejection of further places 
shall be always smaller, usually much smaller, than the supposed 
uncertainty of the data or result, in computations involving not 
more than about 20 rejections. The retention of more places is 
worse than useless. It adds nothing to the accuracy of the result, 
although increasing materially the labor of computing, and the liar 
bility to mistake. The aggregate value of the time thus wasted, 
— obvious enough to any one who has had occasion to perform 
extended computations, — may be appreciated from the fact that the 
Tise of five places where four would suf&ce, nearly doubles the labor ; 
using six places instead of four, nearly trebles it ; thus wasting 100 
and 200 per cent respectively of the necessary amount of work, and 
probably a greater proportion of time. Moreover, incongruities in 
the use of places of figures arouse skepticism as to the competence 
of the worker in other directions. 
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COMPUTATION RULES. 



FUNDAMENTAL PRINCIPLES. 
Retain everywhere enough places to cotrespond to tvo unreliable 
placea in the final result ; the direct object of this is to keep the first 
place of unreliable figures in the final result substantially free from the 
accumulated rejection errors. 

Exceptions. — A final result is seldom stated to more than one 
uncertain place unless the uncertainty of that place is small (say 
plus or miuus four or less). 

Example: i, page xvii. 

Single direct measurements generally yield numbers extending to 
only one . uncertain plaee. Thia should not, however, be taken as a 
reason for relaxing the application of the above rule to subsequent 
steps of the computation, especially in deducing the mean or average 
of several single observations. 

Final zeros occurring in decimal fractions should be retained 
when any other digit in the same place would be retained. This is 
of course essential to show that this place is known. 

The foregoing principles consistently carried out constitute en- 
tirely sufficient rules. But more detailed instructions are usually 
required at the outset. These are readily understood in view of the 
two following propositions, which one can easily verify by algebra 
or by numerical examples. 

Proposition I. — In multiplication or division, the percentage 
accuracy of the product or quotient cannot exceed that of the factor 
whose percentage accuracy is least. 

Fkopositiox II. — In addition or subtraction, the result cannot 
be accurate beyond the first decimal place which is inaccurate in any 
component. 

A more general form of statement from which these follow is; 
If several numbers are multiplied or divided, a given percentage 
error in any one of them will produce the same percentage error 
in the result. If several numbers are added or subtracted, a given 
error or change in the digit in any decimal or other place will 
produce an equal error or change in the digit in the same decimal 
place in the result. 
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COMPUTATION EtTLBB. 



RULES IN OETAIU 
Bejegtion. — In casting; off places of figures, increase by i the last 
figure retained when the first left-hand rejected figure is 5 or greater ; 
otherwise leave it nnchanged. 

Example. — If the last two figures are rejected 
756827.9 becomes 756830. 

and 0.00 363 439 becomes 0.00 263 4. 

A MEAN OB AVEKAGE should olvsys be carried to two tinrellabie 
figures. 

A mean is more reliable than the single obserration from which 
it is computed (in proportion to VS, the sqiiare root of the number 
of observations). Thus, as the data frequently extend to only one 
unreliable figure, the mean will often have to be carried two places 
further than the single observation. 

Multiplication ok Division. — Ascertain from the object of the 
work the percentage accuracy desired in the final result j or^ by inspec- 
tion of the data, find the percentage accuracy of that factor for which 
this is least, i.e. for which the deviation-measure or the estimated 
error, expressed as a per cent, is largest. See Example i, page xvii. 

In direct multiplication or division retain in every factor, product, 
and quotient throughout the entire process, and in final results, for an 
accuracy of about 

One per cent, or worse, four (4) places of significant figures; 

One-tenth per cent^ or worse, five (5) places of significant figures; 
and so on. 

In the ordinary and the shortened processes of "long multi- 
plication/' it is best to carry out the partial products one place 
beyond that yielding the last place required in the result under the 
above rule. 

Examples: 2-5, page xviL 

Logarithms. — If the multiplication or division ia performed by 
means of logarithms, the mantissa should contain as many places as 
are required by the foregoing rules for the direct process; i.e. for about 

One per cent, or worse, use four (4) place tables; 

One-tenth per cent, or worse, use five (5) place tables. 

Examples: 3-5, page xvii. 
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Xiv COMPUTATION BULE8. 

Additiok OB SvBTRACTioir. — ABCeitaln from the stated object of 
the woriE the percentage accuracy desired. If this is about 

One per cent, or worse, cony the result to foor (4) places of slgnifr- 
cant figures; 

One-tenth per cent, or worse, carry the result to fire (5) pUcea of 
significant figures; sad so on, and carry each component quantity to 
that place of decimals which would correspond to this required place In 
the result, that is, stand in the same column with that place. 

Examples : 6-8, page xix. 

When the desibed accitbact is not stated, inspect the data 
to find the component whose first uncertain place is furthest to the left, 
i.e. whose deriation measure (page xlii), in units, not percentage or 
fractional, is greatest. Retain this component to two uncertain 
places, and all other components to the place which would stand in the 
same column with this second place. 

Examples : 6-8, page xix. 

iJ.B. — If the number of components approaches 20, care may 
well be taken in refined work that an unusually large rejection error 
docs not enter through a special combination of rejected figures. 
The rules are, however, sufficient for the worst possible case. 

The computer should notice that the percentage precision of a 
result which is the difference of two or more quantities will usually 
he smaller, and may be much smaller, than that of any of the 
component quantities. 

Nametical Substitution in Formuls. — A largo number of foimulae 
may be represented by the type 



q±r-3 ± ■■ 



where a,b, c, d, etc., represent numbers to be multiplied, divided, 
added, or subtracted, etc., as indicated. Any one or more of the 
factors and terms may be wanting ; or, there may be several in place 
of two ; and so on. 

Obviously, in order that the result x shall be accurate to a speci- 
fied per cent, both numerator and denominator must be at least of 
that accuracy, and each should therefore be carried out to the num- 
ber of places of significant figures needed in x. Then as the numer- 
ator consists of two or more terms ab and 6c added or subtracted, 
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COMPUTATION RULES. XV 

inspection onder the foregoing rules for addition or subtraction will 
show to what decimal plac« each of these terms must be carried. 
Further, a and b must each be carried to the number of significant 
figures thus required in the product ab, and so on. 

In complicated formulEe this process of inspection ia sometimes 
slightly troublesome, but is essential unless the necessary precision 
of the components haa been otherwise studied; as, for example, by 
the simple applications of the dilferential calculus as in the author's 
" Precision of Measurementa." 

Examplea: 9-11, page xx. Practical examples of substitution in 
moderately simple formulae. 

NOTATION BY POWERS OF TEN. 

Statemeat of the Hetbod. — Eegard the decimal point aa merely 
an affix whose sole purpose is to indicate which is the units' place 
of figures. Fix the attention firmly apon the units' place aa the centre 
of symmetry of our customary system of notation. The too universal 
reference to the decimal point, rather than to the unita' place, in 
arithmetical rules and explanations, has resulted in masking this 
symmetry and in thus depriving the student of its important aid. 
In our common decimal system of notation, a digit in the unita' 
place repi-esents so many times unity, i.e. so many times io''(=l), 
or so many units. In the first place to the left of the units' place 
the digit represents so many times 10**, i.e. so many (ens, and in the 
first place to the right, so many times 10"', i.e. so many tenths; in 
the second place to the left so many times lo'*'', i.e. hundreds, and to 
the right so many times 10"', i.e. hundredths; in the sixth places, so 
many timea 10** and io~*, i.e. millions and mUUonths, respectively; 
and so on. The fundamental symmetry of the whole system a^oul 
the unit^ place is thus obvious, and should not be lost sight of. 

In counting np places, wliether to right or left, always begin with 
the units' place as zero. 

It is clear, then, that we may write numbers in this way : 

for 90 write yio'; 

for 6000 write 6.ooo-io* or fi-io* as the caae may require ; 

for 345 write 3.45-10'; 

for 0.00005 write 510-'; 

for 0.00 468 9 write 4,689'io~*i 

for 850.72 wiite 8.507210*; and so on. That is. 
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XVI COMPUTATION RULES. 

Separate the number into two factors, tbe first being the original 
number with tlie decimal point changed in position so as to follow the 
first figure; the other being id^", where the sign is plus for a whole 
number and minus for a fraction, and where n is the number of places 
the decimal point has been moved. 

To transform a number expressed in this way back into the ordi- 
nary form, move the decimal point n places, making the number a 
whole (or a larger) number if n is plus, and a fraction if n is minus. 

Associate firmly in the mind the plus sign with whole numbers, 
the minus s^ with fractions ; thus avoiding confusion as to the 
sign of n. 

In much work, tlie factoring need not be written out, but may 
merely be mental. 

This notation reduces the error and work of locatini; the decioiEJ point in 
multiplication or division, especially in expressions containing several terms 
in the numerator and denominator. It is very helpful in connection with the 
characteristic of logarithms, and the location of the decimal point in evolution, 
involution, and finding reciprocals. It saves space and promotes clearnesa in 
expressing large numbers or small fractions, and it is the best aid in following 
the decimal point while using the slide mle. It also enables one to dispense 
with characteristics in certain parts of computations (see Examples, p^e Eti). 

An abbreviated notation helpfnl in one's ovin work, but perhaps not to be 
urged for general adoption, consists in dropping the -lo, thus, 

instead of 4.507'io' write merely 4.507' 
instead ot 5.3704-io-» write merely 5.3704-* 

The adoption of tbe bracket or parenthesis, e.g. (4.507)', for either notation 
in cases of possible doubt removes all risk of mistaking these indices for ordinary 
eiponents of powers. 

Examples 9, 10, 11 give incidentally illustrations of the use of the notation 
by powers of 10. 

Symmetrical Grouping of Figures. — For writing numbers, adopt 
the following system of groups and spaces r — 
Write 143 258.64 796 

instead of 143,258.647,96, the usual method. 
A. still clearer method would be to write 
143 25864 796 
denoting the units' place by the heavy figure, but this is impracti- 
cable. The proposed system is symmetrical about the units' place, 
the customary system is not. It groups together the units, tens, 
and hundreds of thousandths, of millionths, etc., as well as of thou- 
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COMPUTATION RULES. IVU 

sands, millions, etc. It is clearer and less liable to error by the 
substitotion of spaces lot the commas to mark off the groups 
Exception is nsiially to be made in the case of a decimal fraction 
containing only three or four places. Thus write 0.4612 rather 
than 0.46 12, and 6.38a rather than 6.38 z. 

EZAMPIiBB. 

Example 1. — Suppose tbat a. SnaX result woe stated as 29S549. ± 0.1a per 
cent; this nould mean that il« uncerUint; or deriation-me^ure or estimated 
meaBure of accuracy (see page xlli) was ± 0.10 per cent, Tq how man; plaoea 
should it be retained? o.i per cent of the number is 0.001 x 300000= 30a. 
Therefore the last three plaMS are uncertain, bnt as the uncertainty in the 
flrst left-hand one is small (3), two uncertain places shootd he retained. The 
result, therefore, should be nrilXen 298 550. ± o.io per aeni. 

Suppose a result given as 47.58 243 5 ± 0.0067. Tills would he an incorrect 
use of figures. The it a.0063 shows that the result is uiicertain in the third and 
fourth, and therefore in all subsequent decimal places.* The fifth and sixth 
places of signiflcaut figures are thus unreliable, so that the seventh and eigbtli 
places are entirely valueless, and should, therefore, be rejected. We should 
be at liberty to use our judgment as to whether the result should then be 

. 47.5824^0.0061 or 47.582±aoo6, 
since the uncertainty in the fifth place is large. The second is more common 
practice. In this example the uncertainty is ±0.0062/47. = it 0.00013, "r 
± 0.OJ3 per cent. It uiit^bt, therefore, hare been expressed as it 13 parts in 
100,000, or it 0.013 PS' t^^nt instead of as ± 0.0062 units. It is always expressed 
in the same unit as the quantity itself, e.g. ft., lbs., etc., except when directly 
stated to be a percentage. 

Bxample 2. — Desired with an accuracy of 2 per cent, the volume of a right 
circular cylinder whose radius r is 6.0428 inches, and length I 12.653 inches. 
Volume V= rt^l. By the rule for multiplication, since the result is desired to 
worse than one per cent, the data and all steps should be carried to four places 
of significant figures. Hence, we should have 

r= 3.142 X 6.043" X 12.65 = 145'- 



By ordinaiy multiplication : 


By shortened multiplication : 


6.043 


3- "42 


114.7 


6.043 3-'42 114-7 


6.043 


36.52 


"■65 


6043 36-5' "65 


18129 


6284 


5 735 


36258 9426 1147 


24172 


15710 


6882 


240 18 84 2294 


36258 


18852 


2294 


18 I 55 690 


36.52 


9426 


1147 


36-52 ^ _LS 




114.7 


1451. 


114.7 1451- 



■ This quantity ± oj»63, or whatever may be its value, is the " avert^e devia- 
tion" or the " devlation-m^asHre " of the result; that is, the average amount by 
which several resoles similarly obtained would differ from their mean. A fuller 
explanation is given at page xliL The " probable error," which is nearly identical 
with the average deviation, is commonly used in its ntead. Either suffices. 
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XVlll COMPUTATION RULES. 

Obaerre that the partial producta beyond tUe place standing over the Sftb 
place of the retnilt in each multiplication are naeleas. Hence the obvious saving 
of labor ia tbe shortened process, which is also more compact. The process is 
easily understood by inspection of the example. Multiply first by the first left- 
hand figure of ihe multiplier. If the resultiog partial product baa one more 
place than Is desired in the result, then drop tbe last figure of the multiplicand 
when multiplying by the second figure of the multiplier; drop the last two, when 
multiplying by the third Agam ; and so on. If, however, the ftrat partial product 
has not Uie desired number, the dropinng of figures must be deferred till the 
third figure of the multiplier is used. 

Bxample 3. — Desired the volume F=iri^I of a right circular cylinder 
whose dimensions are 

r = 6.042S ± ^ per cent, I = 12.653 ± tV P^'' f^f^t. 

The result cannot be more accurate tban the least precise factor, which is 
obviously r. Under the rule, J per cent computations call for five places of 
aigniflcant figures. Heuoe we should have to find by multiplication or by flve- 
place logarithms, 

r= 3.1416 X (6.0428)' X 12.653. 

Note in this connection ttiat the error in V is proportional to twice the 
percentage error in r, since r enters in the second power, and that in general 
where a number is raised to any power n the percentage error in the result Is 
increased to n times its value in the data. These rules, however, provide sufB- 
olently for such cases. See " Definitions and Explanations." 



— Desired the volume Fsrr'I of a right circular cylinder 
whose dimensions are given as 

r = 6.043 ± 0.017 'aches, I = 12.653 ± 0.038 inches. 
Under the general principle of retaining places to correspond to two uncer- 
tain figures in tbe result in the data, r should have four places and I five places, 
judging from their stated precision. But tbe weaker quantity fixes tbe nnmber 
of places in the result, so that we should use but four places : 
r= 3.142 x(6.043)ax 12.1*5. 
Bzampl9 S. — Desired the ratio of Uie radius to the lengtb in each of the 
Examples 3, 3, and 4. 

The number of places of figures to be used would be respectively four, 
five, and four, just as in the above solutions. A factor In the denominator fol- 
lows precisely the same rule as to places of significant figures as the one in the 
numerator. To contrast the ordinary and shortened solutions, tbe following are 
given: 

2.65)6.043(0.4777 6.043 I. 

9830 
8855 8855 

9750 
8855 
8950 
»855 
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COMPDTATION BULBS. xix 

Example 6. — Desired the value to 0.6 per cent of 

47-3489+ i74-3«825- 5.62 147. 

For o. I per cent or worse (page xiv), we most retain places in the compo- 

lectlon we Ese that the 

:s fifth place will be the second dec- 

e beyond that in the componeate. Thus, 



nents to correspond t« five places 


in the result. 


resalt will be slightly more than io 


3, Hence ha f 


Imal place, and we need retain no 


place beyond 


47-35 




'74-33 




221.68 




-5-6^ 




2i6.o6 l± 


an unknown 



,s precision-measure]. 

Bxample 7. — Desired the algebraic sum of 

47'. 34 89 ±0.0042. i74'.32825 ±0.00089, and - $'.62 147 ± 0.00008, 

By inspection the weaker coinponent, that is, the one whose flret uncertain 
place is furthest to the left, ia the first number. Retaining this to two uncertain 
figures would carry it to the fourti decimal pUce. It will then be useiees to 
retain tiie other components beyond that place, and we shall ha?e 



Bzample 8. — Desired the algebraic sum of 

47'-34 89 ±0.05 per cent, i74'.32 825 ± ao2 per cent, — s'.62 147 ±0.1 per cent 

0.05 per cent of 47. is 0.024 ! o-o^ per cent of 174. is 0.035 i o-' f*^ "^'^^ '^ 
5.6 is 0.00 56. Hence the weakest component is now the second, and this, and 
consequently the otherE, should be I'etained to three decimal places. Thus, 

47-349 

221.677 

216.056 [± more than o'.035]. 

ExAinple 9. — The horse-power, HP, which could safely be transmitted by 
a wrought-iroo shaft of diameter if inches, running at a speed !V rotations per 
minute, the safe shearing load of wrought iron being represented by/, is given. 
by the expression 

nr, "•^"' . 

i6-ia-33000 
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XX COMPtTTAXIOK RTTLES. 

[Deduced from Lmizh's *' Applittd MechanioB," pa^e 336. The several con- 
gtante 2, 16, 12, and 33000 vrould of course be combined into a siogle constant 
in a working formula, but tbey are here left separate for porposee ol belter 
illustration,] 

To how many places of signiflcant figures should the quAotities, result, and 
various Hteps of the computation be carried out to assure against a compntaUon 
error in the result, sensible as compared to one per cent ? 

Solution.^ln this and all similar problems, where the ezpresBion coDSista 
merely of a number of factors In the numerator and denomlnatot (either or 
both), without additions or subtractions, the solution of the significant figure 
problem can be made without any knowledge of the magnitude of the component 
quantities, such as d,/, N, eK. In this eiample, as the result is desired to one 
per cent, according to the rules it should be carried to four places of significant 
figures. Hence, according to the rule, page ziii, or to Proposition II, page xli, 
each factor of the whole expression should be carried to four places. In this 
expresaion every quantity is a factor, either in the first or a higher power, vii. 2, 
T^ d^, /, If, 16, 12, and 3300a. Each, therefore, should be carried to four 
figures. Hence, also, if direct multiplication be employed in the solntion, each 
product and quotient must be carried to four places. If logarithms are used 
(they should be) four-pUce tables should be chosen. When a quantity enters 
aa a factor of the nth power this is equivalent to its entering n times as a simple 
factor or as 11 separate factors, all with the same percentage error of the same 
Ngn. See also note under example 3. 

The constants 2, 16, 12, and 33000 do not require ta be carried to more 
places than they are here given because they are complete as tbey stand, that is, 
all farther figures are known to be zero as a matter of definition or raatheroatical 
fact. If either of tliem had t)een an experimental constant, that is, determined 
by measurement, it should have been carried out to four places even if the last 
figure or two were zero. For instance, if experimental, the 16 should have been 
written 16.0, 16.00, 16.000, and so on according to the number of places to which 
it was known (see rule, page lii). Failure on the part of those who write such 
formula to adhere to this convention, or to indicate in some olefU' way the 
degree of accuracy possessed by such constants, Is a serious source of annoyance 
and trouble to those who use them. 

As elsewhere it must not be inferred if certain of the quantities, e.g. d or/, 
in this expression cannot be carried ont to this desired number of figures, that 
consequently the result will not have the accuracy desired in the given case. 
The outcome of such a condition would merely be that these factors would be 
liabte to introduce mare than a safe computation error. For instance, if /were 
given as loioo lbs. per square inch, we should have no certainty that it was 
carried far enough. The presumption would be that it was correct to but three 
places, and therefore not exact enough. If, however, from a knowledge of the 
subject we were aware that the best known value was loiio, we should know 
that the error from using loioo was only t in 1000 or o.i per cent, and hence 
admissible. On tlie other hand, if we know that the best value was 10050, we 
should know that the computation error in the result from using loioo waa 0.5 
per cent, and hence by no means safe in the above problem. 

More complete methods for ascertaining the exact accuracy needed in each 
component measured quantity in such formulte, are given in the author's 
" Precision of Measurements." It is to be remembered that we are now dealing 
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COMPUTATTON RUUa. XII 

merely with, roles for computation errors, and these are not suited to tie other 
problem. They are intended to seciire s. safe number of placet for the vtorwt 
cote, and would, therefore, impose unduly severe requirementa aa to the accu- 
racy necessary in the meeattrement of t^e coinponenta in most cases. 

Numerical SubatitutUm. —The numerical eipreasion to be solved if written 
out would be 



3-3. i4»^-i. 364'- 10 000-300 

ifr 12-33 000 
a-3.i4z'i.364»- io'-3-iO' 

l.6-io'-i.2'io'-3.3-io' 
2(3.142)^(1. 364)' itf-a^ - 



a the ordinary notation ; 

the notation by powers of 10 (page it); 



the abbreviated 



by powers of 10 (page xv). 
nner by direct moltiplica- 



= 6.336 
= 23-72 



The first would be worked out in the osnal n 
tioa or by logarithms, as shown below. 

The second would be worked as follows : 
Multiply together the terma other than lo" of the 

numerator, U. 2 x 3.142' x 1.364' x 3 = 

Multiply together the teim«) other than. lo" of the 

denominator, i.e. 1.6 x 1.2 x 3.3 

Divide numerator by denominator 

Add together all indices of powers of 10 in numerator, aUo in denom- 
inator, and subtract the latter from the former. Or, better, add 
(algebraically) all the indices, reversing the sign of those in the 
denominator, thus : 4-1-2 — 1 — 1 — 4 = 0. 
The result is therefore z3.72-icP = 23.72 

Note distinctly that all this writing out of the fraction and of the several 
steps is merely for the purpose of this explanation. In an actual solution such 
of these operations as are essential to the work would be conducted mentally, 
the actual multiplication and division alone being written out. 

If the solution were made by logarithms, it might assume either of the two 
following forms. The first is the usual one, the second shows how the use of 
the powers of 10 enables us, if we choose, to dispense with writing character- 
istics in very many places, — a saving of just so much labor. The factor 10^ 
in the second result is, of course, obtained by summing mentally the indices of 
the factors lo, those in the denominator being taken with reversed sign, as in 
the preceding paragraph. These indices would not be written out, but taken 
by direct inspection of the data as originally written. 



Usoal 



Dropping 



log 16. =1.2041 


.2041 


log 2. = 0.3010 


,3010 


log 12. =1.0792 

log 33000, -4.5185 


.0792 
■5185 


2 X log 3.142 := 0.9944 

3 X log 1.364 =0,4044 


■9944 
■4044 


logdenom. = 6.8018 


.8018 


log 10000.= 4- 








Iog300. =2.4771 
8.1769 
6.8018 


4771 
2.1769 
.goiS 
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COMPUTATION KULES. 



Ezamide 10. —The omabing load of a hollow, caat-iioij pillar of circular 

aeetion, with concentric surfaces of diameters D and d aa given by Hodgkioson 
(Lania, " Apjdied Mechanics," page 332) is 

e = 109 Soi — i i- 

Deslred to ten per cent llie load which a piUar of external and iatetnal diame- 
ters 4.032 inches and 2.16 inches, reBpectively, would carry. How Biany places 
of figures should iie used in the computation ? 

Ten per cent results call for three figures in all factors (page xiil). The 
factors in this eipreesion are 109801, w, (J>' — iP), and 4, each of which 
should therefore be carried to three figures. The first two should therefore be 
iioooo and 3.14. The 4 ia a complete number as it stands. D*— (P= 4.0"— 2.2* 
roughly — 16,0 — 4.8 = 11.2. To have three figures, it should Uierefore be car- 
ried to the first decimal place. Then as it is made up of two quantities, one 
subtracted from the other, each of these should be carried (page liv) to the 
decimal place desired in the result, i.e. to the tenths' place. This requires ^ 
to contain three figures, 16.0, aud hence D should contain three figures (since 
D'consistsof the factors 2JxI>), i.e. should be written 4.03 inches. The require- 
ment of one decimal place in ip calls for but two figures, 4.8, and bence two 
figures, 3.2 inches, in d. The numerictd esprea^on to lie soWed would then be 



3. 14(4-03' - 



2^ 



which would be most easily worked by a simple elide role, or by direct multipli- 
cation. 

Example 11. — Desired to o. i per cent the fraction of dry eUam in a 

sample of steam, using the following observations made with the "Barrus 
Calorimeter" (Peabody's " Themodynamics of the Steam Engine," page 234), - 
the formula being 

X = fraction of a mixture which is dry steam 
W = weight of cooling water .... 
ic = weight of condensed water . . . 

( = temperature of steam 

(1 =: initial temperature of cooling water 
ti = final temperature of cooling water . 
(j = temperature of condensed water 
qa = " heat of liquid " at e°g, from tj and tabi 
5a = "heat of liquid" at t°2, trora ii and tabI 
I), = " beat of liquid " at (°i, from (1 and tabl 

g = " heat of liquid " at i°, from ( and tabl 

e = radiation loss during test 

r =: latent heat of steam at f, from tables 

What number of places of figures should be used throughout ? 

Solution. — For 0.1 per cent the result, and therefore all factors, should 
have five places of figures (page xiii). The only factors of the whole expression 



573 5 It* 


29. 89 Iba. 


370-49 ^■ 


83O84F. 


304°.88 F. 


274.4 


51.91 B.T.U. 


5.S3B..T.U. 


287.6 B.T.U. 


120. B.T.U. 


891.2 B.T.U. 
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Eire the Trbole numerator, lo, and r. They should thereiore be carried to five 
places. Note, however, tbat w and r are not ao given in the data. Whether, 
however, the; are given closely enough must be determined by other meaua (see 
remark at foot of page ix). Their product muat, however, be carried to fire 
places, and five-place log tables should he employed. The numerator COnsiitB of 
Qaee tenus, whose values, roughly, are 

570(52. — 6.)= 2600., ija, and 30(288. — 274.)= 420. 
. ■. numerator = 2600. + lao. ~ 420. = 2300., roughly. 

To have five places the numerator must be carried to one plac« of decimals, 
as also must each of its terms. The first term is composed of two factors, W 
and (gi — 91), each of which must therefore be carried to fire places. Then 
sfl g> — 9i = 52. — 6 = 46. roughly, it must be carried to the third decimal place. 
Henc« gi and gi must each be carried to the third decimal place. The third 
term, iu order to extend to the first decimal place, must contain four figures. 
It consists of two factors, to and (g ~ qs), each of which must thus contain four 
figures. To make the value of g — gs contain four figures, its numerical value, 
14, must be carried to the second decim^il place. This would require that both 
q and 91 be carried to the second decimal place, or to five fibres each. 

To summarize, then, putting in an interrt^ation point wherever a figure is 
wanting in the data, we have as the nomerical expression to be solved 



x=- 



S73-5?(5'-9'?-5-S3?)+ '»?■''- g9-89(iS7.6?- 2744?) ^ 
39.89? X 891.2? 



Obviously, then, on inspection, although we might cany out the products 
WiQi — gi)i >o(q — qi), and wr, each to the necessary five figures, much doubt 
is cast upon the sufficiency of the data themselves to give the desired o.i 
per cent in the resulL The problem would require a det^led study by other 
methods to decide that point, — the result of which, it may be incidentally 
asserted, would be adverse. 



ITote.— It may not be amiss in connection with these problems to call 
attention to the very large amount of engineering computations in which foar, 
often three (slide rule), places of figures are abundant.- In the design of 
machines and structures, the strength and sizes of parts, such aa struts and tie 
rods, beams, pillars, shafting, etc., and the strains or stresses in them, often can- 
not, or need not, be fixed upon within an accuracy of one or even many per 
cent. This limit Is fixed by the anreliabiiity of materials or workmanship, or 
by ignorance of the exact conditions to which the parts may be subjected. Like 
uncertainties afiect many of the data upon which specifications, estimates, and 
contracts lor engineering work are based, and the experimental constAnls in 
sundry formulEe. More than three or four places of figures can be indulged in 
for such work only at an extravagant waste of time. On the other hand it is 
necessary to discriminate sharply such operations as linear, angular, surface, 
and sometimes levelling, measurements in surveying and geodetic work where 
the accuracy may' be very high. 
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LOGARITHMS. 



Befokb reading the following pages become familiar with the 
"Notation by Powers of lo," page xv. 

The common or Brig^ logarithm of a given number is the expo- 
nent of that power to which jo must be raised to produce the 
number. Thus, 3 is the common logarithm of 1000, since 10* — 1000. 

To multiply numbers together, add their logarithms. The gum is 
the Ic^aiithm of the desired product 

Proof. — The product 10' x 10' x ■■■ x 10" is lo""-'"*", since 
powers of the same number may be multiplied together by adding 
their exponents. Therefore, if j4=io*, B— 10', ■■-, ^W= lo", 
J xBk ■■• X M= io'+'-'-+-. That is, a + 6 + — + m is the log- 
arithm oi Ax By. •• y. M. But «, 6, ■■-, m are respectively log^ 
log B, ■■; log M. Hence, log (Ay.Bx ■■■ xM) = log^ + log B 
+ - + log-W. 

To divide one number by another^ subtract the logarithm of the 
latter from that of the former. The difference is the logarithm of 
the quotient. 

iVoo/ — Following the foregoing notation, A/B = lo'/io' = 
10* X 10'= io"~*. Hence log A/B= a— 6 = 1(^ A — log B. 

Logarithm of a number of several figures. — As i = 10'' and 10= 10', 
the logarithm of i is o and of 10 is i, and the logarithm of any 
number greater than o and less than 10, that is, of any number in 
the units' place (whether or not followed by a decimal fraction) is 
less than i, that is, it is a fraction. It is expressed as a decimal 
fraction. 

From the definition of a logarithm it is obvious that the logarithm 
of any stated power of 10 is the index of the power; i.e. log 10*" 
= ±n when ± n is any number, whole or fractional, positive or neg- 
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ative. Hence, taking first a apecifio example, the logarithm of 306.3, 
beii^ of course the same as the logarithm of its equal, is the same 
as the logarithm of 3.o6!'io* (see "Notation by Powers of 10," page 
xv), which is, log 3.062 + log 10' = .4860+ 2., which is usiially 
written 2.4860. The .4860 is found from tables, as shown later. 

Simil^ly, log 0.00 306 2 =l<^3.o62io~* = log 3.062 +log 10"^ = 
.4860—3., which is usually written either 3.4860 or 7.4860 — 10, as 
will be further explained. 

The logarithm then consists of, or may be separated into, two 
parts, viz. first, the decimal part called the mantissa, which is the 
logarithm of the first factor in the above separation; second, the 
integral part, or whole number, preceding the decimal point, and 
called the characteristic or index, which is the logarithm of the 
second factor 10*", and which, therefore, is ±». 

Tables of logaritbms contain the logarithms of the mmibers from 
I. to 10., by steps larger or smaller, and to as many decimal places as 
may be requisite for the accuracy sought in the work in which they 
are to be employed. But all numbers whatever, from o to ao, are one 
of these numbers i. to 10. multiplied by some power of ten, i.e. by 
10*". Tor example, 

4,628 326=4.62 832 6'io', and 0.03,986 =3.986'io~'. 

Hence, the tables enable one, by merely prefixing to the tabular 
value the proper " charaeteristic " ±n, to obtain the logarithm of 
any number whatever, from zero to infinity. The quantity directly 
giren in the table is obviously the mantissa of the desired logarithm, 
and is therefore always a decimal fraction. 

Since any table gives the mantissa to only a specified number of 
decimal places, it can represent only a correspondingly restricted 
number of places of significant figures in the original number. It is 
to be remembered that a change of one unit in the last decimal place 
of the mantissa corresponds at all points throughout a table to a 
constant percentt^e change (" Definitions and Explanations ") in the 
niunber corresponding. The amount of this change is such that it 
becomes the proper custom to use logarithm tables giving the mantissa 
to a number of places equal to the number of significant figures re- 
tained in the original quantities. Thus, if the numbers entering into 
the computation are properly retained to four places of significant 
figures, a foui-place It^arithm table should be used in connection with 
them ; if to five significant figures, a five-place table ; and so on. 
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Four-place l<^arltlim tables contain the logftrithms to four decimal 
places of all numbers of three figures from i.oo to 9.99, and enable 
one by interpolation to obtain- the four-place logarithm of any four- 
place number from i.ooo to 9-999. By merely prefixing the proper 

characteristic ± n, therefore, the four-place logarithm of any four- 
place number from o to 00 is obtained, or, in other words, the four- 
place logarithm of any number whatever from o to so in so far ae 
this is governed by the first four significant figures of the number. 
Four-place tables should not be employed upon work of an accuracy 
exceeding one-half of one per cent. 

Five-place tables give directly the logarithms to one place further 
. than four-place tables, i.e. to five decimal places, for numbers from 
1.000 to 9.999, and thence, by interpolation, from i.oooo to 9-9999. 
Thus, with the proper characteristic, these tables furnish the log- 
arithms of all five-figure numbers from o to 00, that is, of any num- 
ber whatever in so far as this ia governed by the first five significant 
figures of the number. Five-place tables should not be employed 
in work of an accuracy esceeding one-twentieth of one per cent. 

Six-place tables are sometimes arranged with the same steps as 
five-place, i.e. giving directly the logarithm to six decimal places 
of numbers from i.ooo to 9.999 only. Such tables are of no prac- 
tical service; for it is entirely useless to employ six-place logarithms 
in work on five-place numbers, and interpolation for six-place num- 
bers in tables of so large steps as this, besides being less reliable, 
is more laborious and annoying than is the use of the more bulky 
tables of smaller steps. . 

If six-place tables are desired, it is usual to employ, dropping 
the last place, tables which give directly seven-place logarithms of 
numbers from i.oooo to 9.9999 with convenient interpolation tables 
for the next place. Of these, the Vega tables are among the most 
convenient, legible, and reliable, being also comparatively inexpen- 
sive. The seventh place is very rarely demanded by physical, 
chemical, or engineering work. 

The relative labor in using four, five, and ux place tables lies probably 
between the ratios 1.-2:3 ^"'^ ^ ^ 3 = 4. Assuming the first estimate to hold, 
the labor is doubled by using a five-place instead of a tour-place table, and 
is increased one-half by nsing a six instead of a five place table. Hence, as 
there is no sensible gain from using an excess of places, it is obvioualy very 
important to employ a table of the smallest admissible number of places. But, 
on the other hand, the use of too few places must be guarded against. As an 
instance of a somewhat dangerous practice may be cited the use of four-^ace 
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tablea ia o. i per cent work. This is a not infrequent pracUce, most common 
perhaps iu chemical computation, and, of cotirse, arising from the exceeding 
convenience of cards containing four-place logarithms. It will be sliown at 
p^e xliv, that four places are not sufficient for o. i per cent direct computations, 
and. tlie error if four-place logarithms are used is sensibly the same. The com- 
putation error may easUy rise to 0.3 or 0.3 per cent with four-place tables even 
in ordinary computations. 

To Find the LogarithmB of a HEmber. 

KuLE. — Regard tiie number Q as separated into two factors 
q X 10*", where y begins in the units' place (see "Notation by 
Powers of 10," page zv). Find In the tables the logarithm of q. 
This will be the mantisaa of the desired logarithm. Prefix to this 
the characteristic or index ± n. 

A few examples will sufficiently elucidate the process. 

Example. — Desired the logaritlim to four decimal places of the aomber 306. 

Write the number, or, better, merely consider it as if factored in Uie form 
3Xi6-itf. In the four-place table, on the line 3.0 and in the column headed 
6 will be found .4857, which ia logj.od. Obviously,' log 10* = 2. Therefore 
log 306. = 1(^ 3J36 + Ic^ id* = 4857 + 3, which is usually written ^4857. 

FurtheT Examples. Interpolation. — Desired to four decimal places the 
logarithm of 306.2. 

This will lie between the logs of 306 and 307 (and approximately 0.2 of the 
way), and as the table is not carried out further we must int«rpolate. 



For 3.07 we find 4871 

For 3.06 we And 4857 , 

Interpolation, 0.2 of 14 = 2.8 = 3 

.•. log 3.061 = 4860 

.-. log 306.2 = log 3.062 + log itf = 24860 , 



Difference = .0014, usually written 

14. 

The desired mantissa will be 0.2 of 

the way from .4857 to 4S71. Hence 

we must add to the former nnmlwr 

0.1-14. = 3- 

The interpolation may always be made by subtractii^ and multi- 
plying as in this example, but to save the labor, logarithm tables 
are usually provided with marginal interpolation tables, by the aid 
of which interpolations may easily be made mentally, 

Tbns in taking ont log 3.062 we find log 3.06= .4857. By InapeclJon, differ- 
ence — 14. In the intei^lation table headed 14, line 2, stands 3, which is there- 
fore the desired 0.2 of 14. Therefore log 3.062 = .4860. This operation could, 
of course, be carried out mentally. 

The present tables are arranged so that the interpolation tables stand oppo- 
site, or nearly bo, to the logarithms to which they correspond. This not only 
gives them a convenient location but enables the computer usually to avoid 
even the mental subtraction of the successive logarithms to find the difference, 
since this will, of course, be that at the head of the nearest diftereuce table. 
Usually also the error introduced by using an interpolation table slightly too 
iiatgt or t«o small is negligible. 
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Interpolation becomes more laborious and more liable to error, 
if conducted mentdly, in proportion as the difference is large. It 
is therefore greatest in the first quarter of any logarithm table. But 
it happens that in physical, chemical, and engineering computations 
there very often enter correction or reduction ^tors and other 
terms of the form {i + a) or i/(i — a), where a ia a decimal frac- 
tion rarely as large as o.i. The frequency of such tenna calls for 
a disproportionately large number of -the more laborious interpola- 
tions. To avoid this labor and increased chance of error, the excel- 
lent practice has been adopted in some five-place tables of inserting 
two pages giving the logarithms from i.o to i.i, by steps only one- 
tenth as large as in the rest of the tables, thus doing away with 
all interpolation in this most used and most troublesome poiiion 
of the table, without adding seriously to its bulk. Such a table 
has here been prefixed to the five-place table. In the four-place 
table the same result has been accomplished here, in a manner which 
is perhaps novel, by the insertion of ten additional lines at the head 
of the table. The Vega seven-place tables unfortninately lack this 
feature. 

To find Logarithm of a Decimal Fraction. — The procedure is 
precisely the same as for a whole number. Note that the log- 
arithm of a decimal fraction is always negative, and, conversely, 
that a negative characteristic always denotes a decimal fraction. 

Bzample. — Desired the log of 0.00 306 z. 

log 0,00 3062 = log s-oeno"* 

o.a Ot difference = 3 
.-. log 3.062 = . 4860 

log io-» = -3. 

.-. logo.oo3o62 = .486o-3. 

Thia is written eittier 3.4860 01 7.4S60 - 10. The latter form Is obtained b; 
adding 10 to the characteriHtic and appending — 10 to tbe whole. The num- 
bers thus appended must In many instances, but not In all, be followed np in 
the computation in order to correctly locate the decimal point at tbe close. 
This ia, however, uau^ly very little trouble. The second method is the very 
general practice and ia baaed on the assertion that when several logarithms are 
to be added, it is more convenient to have all the charact«risticB positive. The 
author ia, however, ot the opinion that this conventional method serves almost 
no useful purpose, and that it is better and less troublesome in every vray to 
ret&\a the negative characteristic. It is almost ss easy to add a column of num- 
bers in which some are negative, and are therefore subtracted when they are 
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reached inste&d of being added, as to add % colonui in irhich dl are positive. 
And if the negative cliaracterisUc is retained, all care and writing of — lo or 
its multiples is avoided. Moreover, the logarithm is complete in iteelf and 
shows at once that it is the log of a decimal fraction. These remarks apply not 
only to the logarithms of ordinary numbers but to the logarithms of the trlgono' 
metric functions. 

Frwyp'" of addition where s( 
be;ond the first of the mantissa ai 
3.4036 Be^nnlng at the bottom of the columns we have - . 

T.2I63 5 + 3 = 8 + 8 = 10 + 4 = 1*. write4j 

^3461 carry 1 + 2 = 1 + 1= + T = l + a = l. 

'•5"3 Of cooise the figures printed in heavy l^pe are the onlj ones pro- 

14 nonnoed or mentally enforced. 

XbeamplM of some cases where the nse of the notation by powers of 10 
enable one to dispense with the cbaraoteiistic in portions of computations are 
given incidentally at page zzi. 

Gnraplng by Fives In tlie Tables. — Throughout the entire set 
of tables, it will be observed, the columns and lines are arranged in 
groups of five. This not only aids the eye to readily follow any 
desired line or column, but enables the computer with a little prac- 
tice to enter a desired column or line without glancing at the num- 
ber at the top of the column or side of the line, and similarly to read 
off the number of column or line without glancing off to the marginal 
figure. Thus the middle column in the second group is 7, the last 
in the first group is 4, and so on. The practice of working by 
observed position rather than by the marginal number should be 
pursued. It reduces fatigue and tends to prevent mistakes. 

Indexing at Comers of Tables. — The bold type at the outer cor- 
ners of the tables shows the contents of the page and its opposite. 
Thus on the sixth page of the five-place log table, the larger black 
figure 2 shows that these two pages contain the logs of all the num- 
bers beginning with 2. The smaller black figures, 30, 47, in the 
margin show that the mantissee on the two p^es extend from 30 to 
47 (first two figures). The indexing wiU be found a material help 
in rapidly running the p^e comers under the finger to find either a 
desired table or a desired figure in a table. 

Decimal Point in Logarithm Tables. — It is the almost universal 
custom to omit the decimal point entirely from logarithm tables. 
This tends toward compaetnees, but is by no means essential on that 
score. The omission causes no serious inconvenience after slight 
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praotice. On the other hand, the retention of the point rendera the 
table complete and strictly aelf-conaistent ; that is, any mantissa in 
the table is then the completely expressed logarithm of the cor- 
responding tabular number. This fact tends materially toward clear 
comprehension on the part of the beginner or occasional computer. 
The table is also then perfectly assimilated to the "ITotation 1^ 
Powers of lo," pi^ zt, which affords not only the clearest basis of 
explanation of mantissa and characteristic, but by far the easiest 
method of obtaining and following the characteristic in computations. 
The points do not add necessarily to the bullc of the tables and are 
no hindrance to their use by oomputers accustomed to other rules 
than those here given respecting the characteristic. They are 
therefore retained in these tables. 

AntUogarithm = Knmber Carrespondlng. — Given the logarithm to 
find the " number corresponding," i.e. the number of which thia is 
the logarithm. This number is also called the " antilogai'ithm." 

From the Log Tables. — 

Example. — To And the antilog of 2-4S57, inspect the body of the four-place 
log table to find the mantissa .4857 (or the next smaller than this if the exact 
valne does not appear). It will be found to He on line 3x3 and In column 6, and , 
ie, hence, the log of 3.06. The characteristic x is the log of 10*. 
,■. antilog 2.4857 = 3.06-10' or 306. 

Exampl«.— Tofiud theaulilogof 2.4S60. In the table this maatissadoes 
not appear exactly, hut the next smaller is -4S57, whose antilog is 3.06, and the 
difiercnce from this to the next larger 1b 14. 

.4860 — .4857 = 3, and ]", = .a, 
.'. antilog .4860 is 1^ or o.a of the way from 3.06 to 3.07, 
.■.antilog .4860 = 3.062, 
also antilog a, = lo^, 

.■. antilog 2.4860 = 3.o6i'io3 or 306.2. 

The interpolation can be mentally made by the marginal interpolation tables. 
The tabular difference is 14, and it is desired to know what decimal fraction the 
difierence 3 is of this. Looking down the column under 14 for the number 
nearest to 3 it is found to be 3 and to stand opposite to 2. .'. 3 is 0.2 of 14, and 
antilog .4860 = 3.062. 

It wUl be noticed that in the four-place and five-place log tables 
those mantissEB have been printed in heavier type in which the first 
figure changes from one digit to the next. This serves as a guide 
to the eye in looking for any desired mantissa whose antilog is soi^ht. 

From Tattles of Antilogarithms. — Some computers prefer to employ 
a special table for antilogarithms instead of working backward in 
the ordinary logarithm table as in the preceding example. "Whether 
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the email saving in time effected by this means is an equivalent 
to the slight additional mental effort incident to the employment in 
alternation of tables differently arranged, may be questioned. Where 
many antilogs are to be taken out in succession, the gain is, however, 
sensible. 

Bxample. — To find by the table of AntUogsritbms the antilog 2.4857. 

Taking tbe matitissa first, we find on line .48, column 5, the next smaller 
number 3.055 wltb a tabular diSeience of 7. Hence, antilog .485 = 3.055. But 
antilog .4857 willbeo.7of tbe way from that ol. 485 to ,486. Tbe amount to be 
added then for interpolation is 0.7 x 7 = 5. 

antilog .4857 = 3.05s + 0.005 = 3.060, 
antilog 24857 = 3.060-10* = 306.0. 

I provided whose method of use is sufficiently 



Cologarithms = Logarithms of Reciprocals. — The colog of any 
number p is the logarithm of the reciprocal of the number. 
It is therefore log r — logp = o — logj>. 

In snbstltution in a formula such as x= a-o--- ^ which is the product of 
several numbers (one or more) divided by the product of several others (one or 
more), tbe direct process would be to take the sum of tbe logarithms of the 
factors in the numerator, and to subtract from this tbe sum of the logs of the 
factors in the denominator. 



Hxamplo.— l<^o= 1.2543 
log 6 = 3.8766 


II II II 

ill 


Nnraerator sum = 7, 1309 




Difference = 3.9201 


>r 0.008320. 



ITils process may be simplified by employing the colog. It then becomes 
logo = 1.2543 
log6 = 3.8766 
co%c =4.1358 
cologds 4.7879 
otAoge =18655 
Sum = 3.9201 
X = number corresponding = 8.3*010-' 
This process is thus reduced to tbe simple addition of a series of numbers. 
The colog may be eaaily taken out of the usual log table by 
merely looking out the logarithm and subtracting mentally from o. 
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Bxample. —Desired tbe colog of 306.Z. Log 306.3 = 2^60, oolog = 3.5140. 

The use of oologa eltlier with or without a table etteota but aniall saving, 
except Id case a series of sabsCitutlons In a giren formula are to be made, so 
that a aamber of coiogs ma; be iooked out In immediate succession. 

Table of Cologa. — The table of four-place cologarithms is arranged 
similarly in every respect to tHe table of four-place logarithms, and 
the coiogs are taken from it just as logs from their table ; noting, 
however, that the col<^ in the table have the characteristic i, and 
that the differences are subtiactive. 

TiTP'r'p'* — Desired the cotog ol 306.2. Separate into 3.062-10*. 
In line 3.0, column 6, c«log3.o6 =7.5143 I Difference from 

0.2 x(— 14) by difference table =: — 3 | colog 3.07 is — 14. 

.-. colog3.o62 =1.5140 

colog 10^ =z. 

,% eolog 306.2 = oolog 3.0^4- colog ic^ sJ-S'-lo 
Bxunpla. —Desired the colog of 0.00 713 6. 

Ialh,,,,«,lunn3ttcolog,,3 = '^■■<«9 I DUmnc. I. - 6. 

0.6 (— 6) by difterence table = — 4 | 

colog7.i36 = 7.1465 

colog lo-' = + 3- 

eologo.oo 713 6 = colog7,i36 -I- colog 10"'= 2.1465 

Habit In Reading ofi Kumbera or Logarithms. — Time can be econ- 
omized, strain on the attention reduced, and liability to mistake 
lessened by an easily acquired habit of grouping and emphasizing 
the figures in reading off the numbers, the mantissa, and the num- 
bers corresponding (antilogs) in using tables. 

A good method of reading is as follows : 

In reading a number or antilog pay no regard to the decimal 
point. Emphasize the first figure; pause, read second and third 
figures; pause, read remaining figures in groups of three. Thus; 
Desired the log of 30.62 047 2. Bead this as 3 06 204 72, i.e. three 
. , . naught six , . . two naught four . . . seven two. 

In reading ofF a mantissa use no emphasis, but group the first 
two figures together, and the subsequent figures by threes. Thus, the 
mantissa .4869 would be read as 48 69, i.e. forty-eight . . . sixty- 
nine; and .48601 as 48 601, i.e. forty-eight ... six naught one. 

In taking from the log table the numbers corresponding (antilog) 
to .48601, it would be read 3 06 2, tbree . . . naught six . . . two, 
precisely as under the above rule for reading a number. 
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These tales apply equally well to four or five place tables. In 

tables of six or seven places tlie first three figures of the mantissa 
are grouped together in printing, and are therefoi-e more conveniently 
read oS together. Also, it is more convenient to read oS six-place 
numbers and antiloga with three figures instead of two in the second 
group,; thus, 7 814 62. 

The difference between a number and a mantiBHa thua read off, whether 
audibiy or mentally, almost precludes the possibility o£ mistaking one for the 
other, so that less strict attention wilt he required to avoid enterEng the number 
column of & table with a mantissa, or vice versa. It also avoids the mental or 
verbal employment of woids of instruction. Thus, if a computer reads off 7 Sz 
he knows, or bis assistant using the log tables knows, as soon as the first Sgure 
has been read that the logarithm of the numlter is desired. Conversely, if 
he reads oR 43 S57, the first two figures alone show that the quantity is a. man- 
tissa, and that the antilc^ is required. Thus, no words of instruction need be 
used throughout an entire compulation, and yet no possibility of error need 

It is also to be noted that this groapiug is consistent with the symmetrical 
grouping advocated at an earlier page ; adapts itseU perfectly to the employment 
of the notation by powers of 10 ; and coincides with the most convenient group- 
ing in the five-place tables. 

Powers and Roots by Lt^arithms. — If a = 10" (so that m = log a) 
then (a)" = (10")" and log («')= n log a. Here both m and n may 
be either positive or negative, and either an integer or a fraction. 

Hence, to raise any nomber, wbole or fractional, to any power, 
integral or fractional, and positive or negative, mnltipiy the logarithm 
of the number by the exponent of the power of the number. 

Since a root is a fractional power, i.e. -jy^ = «"> th^ above rule 
includes the extraction of a root. In the case of decimal fractions 
the fact that the characteristic is negative while the mantissa is pos- 
itive, most be regarded. The correct result will be assured if the 
mantissa and characteristic are separately multiplied (or divided) 
by the exponent, and the latter result then subtracted from the for- 
mer, as will be further shown. Certain special procedures will also 
be described. 

The one exception to this is where the index of the power is a ^gle figure 
and positive. This case takes care of itself without special attention. 

It may seem that the use of the negative characteristic thua increases labor 
over the usual notation explained at the foot of page xxviii. Inspection of 
examples will show tliat the only case in which It does so is where the index of 
the power or root is other than a single digit. 
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Powers and Roots of Vqmbeis gniXet tium Vnity. — 
».— Desired the cube of 47.16, i.e. (47.16)*, 



1(« 47.16 

MulUpIjby 

logSB 


1-6735 
3 

S.020S .■ 


Desired v'471-6- 




log 47'- 6 = 
Divide b7 


a.673S 

S 


V>gz 


0-5347 


^nmpla. — Deilred die 3.416 power 


0165830. 


log 65830.= 
Uoltiidf bj 


4.8184 
2416 
96368 
I 9*736 



2893 
.-. I<^ (65 83o)Mi* = 11.6413 

(65830)""= 4.378-101' =437««'«»«»- 
To avoid the direct multiplication of tbe logarithm by the index of poiveT, 
when this conlaios wveral ^^ures, their loga itis-j be taken. Thus 
(5 pi. loga.) <4 pi. loga.) 

log log 65 830 = log 4.8184 = 0.68291 0.6829 

log 2.416 = Q. 38 310 O.3S3I 

log log (65 S3py-*'* = 1.06 601 1.0660 

Wtilog 1.06 601 =log{65 83o)«-««= 11.641 11.64 

.-. (6s83o)»-«<= 4.376'io» 4.365-id». 

When the log of a log is thus taken, a table giving at least one 
place more in the mantissa should be used than would be otherwise 
needed in order to protect the last place of figures in tbe result, as 
is shown in the above example, which is by no means an extreme 
ease. If the quantity is a decimal fraction, the negative character- 
istic mnst be separately treated and the result subtracted from the 
result obtained with the mantissa. 

Powers of Decimal Fractiona. — Here it is necessary to notice that 
the logarithm of a decimal fraction ia composed of two parts, one 
positive the other negative. Thus, 
•■ logo.o6 831 = 2.8345 or 8.8345 — 10., 

according to the notation chosen. In the first form (the one here 
recommended) the logarithm consists of a negative characteristic 
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and a positive maatiBsa ; in the second form it consists of a positive 
logiiTitlim (both characteiiatic and mantissa) followed hj a negative 
characteristic. 

No new procedure ia necesaary, but it is essential to be consistent 
as to sign of each part, and to remember that both parts must be 
subjected to any operation performed upon either. Whenever the 
exponent has more than one figure, the negative cbaractetiatic and 
the positive mULtiasa should be separately multiplied by the index, 
and the former subtracted from the latter. 

Example. — Desired (0,004716)*. 

logo.oD47l6 = 3,6735 or 7.6735 - 10 

Multiply by 4 4 



04716)* = nnmber correqMmding, or aatilog, 
= 4.943.10-1" or 0.0000000004943. 



i«.— Desired (0.00 471 6)»^. 

1080.004716=3.6735 or 

4-32 


7-6735 - » 

4-3J 4-33 


26940 

20215 
1348 

2-9095 
-.2.96 


306940- 43.1 
230205 
'S348 

33-'49S3 
-43a 



.-. (o.oo47'6)"' = 2-962'o-". 

Roots of Decimal Practioni. — To extract the root of a decimal 
fraction, divide separately the negative characteristic and the posi- 
tive mantissa by the index of the desired toot. Subtract the former 
quotient from the latter. The difference will be the logarithm of 
the desired root. In other words, treat the characteristic separate 
from the logarithm. Thia procedure ia always the safest to adopt 
when there is any doubt in the mind of the computer. 

I. — Desired v^o.oe 831. 

log 0.06 831 = 1.8345 
Dividing characteristic by 3 = — 0.6667 

Dividing mantissa by 3 = 0.2781 

4.088-IO-1. 



.-. log ^0.06831 = 
\'o.o6 831 = number coirespondiiig = 
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A "method easily understood by inspection ia this : Add to the neg- 
ative charaeteristic of the logarithm a number equal to mr where r 
is the index of the desired root and m is a whole number large 
enough to make mr larger than or equal to the characteristic, in 
other words, large enough to extinguish the negative sign of the 
characteristic. Write this number with a negative sign aft«r the 
logarithm. Then divide the whole by the index r. The quotient 
will be the logarithm of the desired root. Usually m = r, i.e. 



Desired ^0.06 831- 

^-'i345i adding and subtracting 3 gi 



dividing by 3 gives 0.6115 — 
. Vo^83i = nnmber corresponding = 4.o88'io- 



SQUARES AND SQUARE ROOTS. 

It is common to give separate tables of squares and of square 
roots by which, respectively, the square or square root of any num- 
ber may be taten out. Inspection, however, shows that the four- 
place table of square roots must occupy four pages, the first two 
containing the numbers from i.o to 10., the second two from 10. to 
100. ; the corresponding roots ranging from r. to 10. ; while a table of 
squares would occupy but two pages, containing numbers from r.o to 
10., the squares ranging from i. to 100. Hence the tabular differ- 
ences in the table of square roots will be much smaller than in the 
table of squares. For this reason the tabic of squares may advan- 
tageously be dispensed with, and squares be taken out when desired 
from the table of square roots, as the numbers corresponding (anti- 
logarithma) are taken out of a table of logarithms. The amallneas 
of the differences makes interpolation easier and more rapid than in 
a table of squares, and this more than offsets the slight disadvan- 
tage of the reverse process of interpolation. The tables at page 30 
give square roots to four places. As in the logarithm tables, the 
numbers in the body of the table are printed in stronger type wher- 
ever the second figure changes, in order to assist the eye in the 
reverse use of the table. 

In the table ol sqaare roots the insertion of the extra section giving i.oo to 
1. 10 to four places direct to avoid interpolation is not called for as in logarithms 
because the interpolation is very easy, and because the squares of terms of the 
form (1 -1- a) are not frequently required. 
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To find tlie square of any number, factor the number as described 

in the "Notation by Powers of ro," page sv. Enter the body of 
the table with the first factor, and find the corresponding marginal 
reading and column heading which will be the first three figures 
of the square. Interpolate for the fourth figure. Square the 
factor 10*", which makes it lo-**. Multiply together these two 
squares. 

Example. — Deeiied the square of 34 S50. 

34 850« = (3.485io')S = 3.48s*-io'>'* 
In the table 3479 (the next smallest value to 3.485) stands In line 12, col- 
amn i. The tabular difterence is 14, of which our difference ( = 3.435 — 3479=6) 
is -ff, or 0.4 (as may be seen at once from the interpolation table headed 14). 
Hence 34850.*= 12.1410'= iii 400000. 

Example.— Deeired (0.0004983)^. 

(0.00 049 81)" = 4.9Si*-io-*''' = 24.83-10-' = 0.00 000 024 83. 

To find the square root of any number, factor it aa in the " Nota- 
tion by Powers of 10," page xv, except that n must be nowan^ven 
number, vhils the first factor must have either one or two digits pre- 
ceding the decimal point, whichever may be necessary, in order to 
permit n to be made even. 

Find, then, from the table, interpolating if necessary, the square 
root of the first factor, and multiply this by lo^"''^, the square root 
of the second factor ; the product is the desired square root. 

Example. — Desired the square root of 347.6. 

(347-6)* ={3.47fr'o')*- 

In the table, line 3.4, column 7, gives (3.47)'^ = 1.863 

Interpolations by table gives 0.6 difference = i 

(3.476)* = ^^ 

.-. (347.6)i= 1.864-101 = 18.64. 

Example. —Desired ^875 200. 

■^87-52 ■'o' = 9'3SS''o^ = 93S-5- 
-Desired (0.05643)^. 

(5.643- io-3)S = 2.376-10-1 = 0.2376. 
-Desired 0.00 006 7S4. 

67.84-10-" = 8.a36-io-» = 0.00 823 6. 
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RECIPROCALS. 



This table, ^stge 34, contains the reciprocals to four places of 
numbers from i. to 9.99, and by interpolation from i. to 9.999. The 
reciprocal to four places of any number from zero to infinity is, 
of course, one of these tabular values multiplied by a suitable 
power of 10. In this table, the reciprocals of numbers from i. to 
1. 100 are given directly in the fixst ten lines to avoid interpolation 
in finding the reciprocals of terms of the form (i + a), where a is 
a small decimal fraction. 

N.B. — The approximation 1/(1 -!-a)=(i —a) approx., is frequendy em- 
ployed in computations to avoid dividing by (i + a). Tliia useful approximai- 
tioD, however, must be used irith caution. The error from its employment is 
a^; that is, if a = 0.1, the error from multiplying by (1 — a) instead of divid- 
ing by (i + a) is o. i* = 0.01, or i per cent j if a = 0.03, the error is 0.03* 
= 0.0009, or neariy o. i per cent, and so on. 

To find the reciprocal of a number, factor it by the "Notation by 
Powers of 10," pt^e xv. Find the reciprocal of the first factor by 
the fable and multiply this by the second factor lo*" with the alge- 
braic sign of its exponent reversed, i.e. by 10'''"- 

Bxample. — Desired 1/4486, i.e. (4486)~i. 

C4486.)-' =(4486-io»)-' =C4.486.)->-io-«. 
In table, line 4.4, coL 8, (4-48)'' = 0.2233 

By difference table, 0.6 difference = — 3 

Reciprocal of 4.4S6 = 0.2229 

(4486.)-' =(4.486)"' -10"* = 0,2229-10"' = 0.0002229. 

— Desired 1/0.003275. 

(0.00327 5)"' =(3-275)"''(io"*)"' = O.30S4-10' = 305.4. 



NATURAL SINES, COSINES, TANGENTS, AND COTANGENTS. 

It is frequently convenient to have a table giving rough values 
of the natural trigonometric functions for use in preliminary, check, 
or approximate computations. The four-place tables of the above 
four functions cover all ordinary needs. Interpolation can be 
made in these tables to o°.oi by the interpolation tables, or to i' 
by mental computation, since the step between successive columns is 
0°. r, or 6'. 
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—Desired the natural sine of 37°. 75- 
On line 37° under heading °.7 is 0.6115. To interpolate for the remaining 
figure we must add 0.5 of the tabular dt&erence, which, by inspection, is 14. 
o.; X 14 = 7, as can be seen at once in the interpolation table 14 opposite the 

.-. sin 370.75 = 0.6115 + .0007 = 0.6122. 

Example.— Desired the natural cotangent of ■j2°.28. 

The coainea and cotangents read upward in the right-hand degree oolomn. 

Line 72°, column ".2, giTes 0.3211 

0.8 of difference (19), to be subtracted, —15 

-•. natural cotangent 72°.28 =0.3196 

AU of the tables are used similarly. 



LOOARITHMS OF SINES, COSINES, TANOENTS, AND COTANGENTS. 

Two sets of tables are given, four-place and five-place, respec- 
tively. The four-place tables read to tenths and himdtedths of 
degrees, and are convenient for general rough work and with instru- 
ments reading to tenths of a degree. The five-place tables give 
values to minutes direct. They are adapted to a very large part of 
the angular measurements ordinarily made in experimental work. 
Interpolation to half or quarter minutes is easily made in them 
mentally. A computer working closer than that would naturally 
employ the Vega, or other conveniently arranged six- or seven-place 
tables, dropping unnecessary places. 

For the reasons stated under the discussion of logarithm tables, 
page xiviii, the negative characteristic ia here retained instead of the 
more customary 9, with the appended — 10. 

The nae of the tables needs little explanation. The four-place 
tables are used precisely as the tables of the natural functions. In 
the five-place tables, for less than 45°, read the tables downwards, 
using the minute column at the left hand. For angles greater than 
45°, read the tables upwards, using the minute column at the right 
hand of the table, and take care to employ the eoluma-headings 
given at the foot of the table. 



BxamplaB.— 

Log sin 31° 22* = r.71 643. 

Logtan54''46'=o.isioi. 
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SLIDE WIRE RATIOS. 



The increasing use of the slide wire in electrical measurements, 
notably iu connection with physical chemistry, renders the table of 
values of 



a decided convenience. The work to which the slide wire is thus 
for the most part employed demands but four-place tables. 

To use the table, let a be the reading in millimetres on the slide wire, 
which is supposed to be one metre long with millimetre subdivision, 
or of any other length with division into thousandths. Find the 
first two figures of a in the first column, and run out on this line to 
the column headed with the third figure. The number there found 
will give the value of the above fraction, which is the ratio of the 
length of one section of the wire to the other. If a contains a fourth 
figure, that is, if read to tenths of a millimetre, interpolation must be 
made in the usual manner. 

Bztunple, — The slider reads 415.6 millimetres. 

In line 41 under 5 is found 0.7094. Interpolating by tkdding 0.6 of the 
tabular diflerence 29, gives 

11 = 0.7094 + 0.6x29 
= 0.7094+ .0017 =0.7111. . 
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DEFINITIONS AND EXPLANATIONS 

CNDBRLYING THE COMPUTATION BULES. 



Tbe following statements call for tlie attention of those only who find 
unfamilar tenns in the foregoing rules. 

A Digit is !uiy one of tbe ten ciiiiracters i, 2, 3, 4, 5, 6, 7, 8, 9, o. 

A Significant Figure is any digit used to denote or signify the amount of tlie 
quantity in the place in which it BtandB. Thus zero may tie a significant figure 
when it is written not merely to locate tbe decimal point, but to indicate that 
the quantity in the place in which it Etanda is known to be nearer to zero than 
to any other digit. 

For example, if a dist&nce has l>een measured to the nearest fiftieth of an 
inch and found to be 305.46 Inches, all five of the figures, including the zero, are 
significant. And similarly if the measurement had shown tbe distance to be 
nearer to 205.40 than to 205.41 or to 205.39 the final zero would be also isigniG- 
cant, and should invariably be retained, since its presence serves the most 
useful purpose of showing that tbls place of figures had been measured as well as 
the rest. If in such a case the quantity had heeu written 205.4 instead of 205.40, 
the inference would be drawn either that the hundredths of an inch bad not been 
measured, or that the person who wrote tbe number was ignorant or careless of 
the proper numerical ust^. Failure to follow this simple rule is a common 
source of annoyance and uncertainty. 

A zero when used merely to enable tbe decimal point to be rel^oed is of 
course not a significant figure in tbe above sense. E.g. If tbe distance were 
measured as 286. centimetres within ± i centimetre, it might be retained as 
2.86 metres, or 0.00 286 kilometres, or 2860. millimetres. In this case neither of 
tbe zeros would be significant. 

From this last example it is obvious that when tbe first zero, or zeros, pre- 
cede the decimal point, they fail to Indicate intrinsically whether or not they are 
significant. E.g. The number 2860. millimetres or 28600. millimetres, standing 
apart from explanatory context, would afford no clew to whether tbe last place, 
or the last two places, had been measured. In writing sucb a number, therefore, 
whenever it is desirable to convey this information some statement of the reliabil- 
ity of the quantity must be appended. Tbls is usually done by writing after the 
number ± a where a is a number, of two significant figures only, representing 
the estimated measure of the accuracy or unreliability of the result. (See later. ) 

PUcea of Figures are the places in which figures stand in the number as 
actually written. Places of significant figures are those in which significant 
figures stand. These two terms being merely, although not actually, identical, 
are often used interchangeably. 
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■ xlii DEFIKITIONS AND EXPLANATIONS. 

BxampU. — 436018. hits six places of figures and of Bigoiflcanl figures 
3479 100. has seven places of figures, buCnhether its number of places of signifi- 
cant figures is more than five is indelemiinate. (\02 7680 has seven places of 
figures with five places of Hignifloant figures. 2.768o-io-» has five places of 
figures and five significant figures. 

PUcM of Decinul*. — These, of course, are the places following the decimal 
point as the number happens to be vnritten. E.g. 0.02 7680 has six decimal 
places. 2.76go-io~^ has tour decimal places, although \\a magnitude is the 
same as that of the precediug qitaatity. 

From the foregoing six examples it will be seen that the number of deci- 
mal places and the number of places of significant figures have no necesEary 
mutual relation. 

Accuracy; SelUhility. — To know the exact accuracy of a given quantity 
it would be necessary, of course, to know the true value of that quantity. In 
the case of a few mathematical constants (such as r = 3.14 159 265 .■) the true 
value is known, at least far beyond ordinary requirements. But in case of all 
measurements the same is obviously not true, for if the true value were known, 
measurements would he unnecessary. Some approximate expresaion of the accu- 
racy of a measared result can, however, usually be obtained, and is necessary. 
Sometimes this is afiorded by a knowledge of the instrument used and the degree 
of care employed. Thus, suppose the distance of alKiut 3 feet 6^ inches 
= 3'5i^39 f^l^ between two marks to have been caiefnlly once measared with a 
good foot-rule, it could safety be assumed from our previous knowledge of such 
work that if a series of these measurements were undertaken, the results would 
vary from their mean by less than ± ^ of an inch ; also, that the error in the 
rule Itself, and from other unavoidable or unavoided sources, would not on the 
average materially increase the error of measurement. Then ± ^ inch 
= ±0.0016 ft. would be taken as the t»timated measure of accuracy ofthere»utt. 
Instead of expressing the accuracy in units, e.g. inches or feet, it is usually 
more convenient or intelligible to express it as a fraction ; or, better still, in per- 
centage. Thus, the foregoing wfil be 



— ■ .. . .— , _ 0.074 per cent. 

3-S "ooooo \ 3.5 y 



If in this example the reliability had uot been eatjmated at ^ inch, but if 
several measurements had been made, and these bad been found upon inspec- 
tion to deviate from their mean by about ^j of an inch, then, other things being 
the same, the measure of accuracy of any single measurement taken without 
knowledge of the others would be regarded as ± j*j inch, or ± 0.074 per cent 

Mean ; Average ; Devktion Measure. — When the result is the arithmetical 
mean or average of several separate measurements of the same quanUty, its 
reliability 01 accuracy is taken to be in proportion to the square root at the 
number of such observations. Thus, in the last preceding example, if there had 
been n~g single observations made, the measure of accuracy of the mean of 
these would be 

± — -i-Vn=± ^ = ± -7 = ± 0,010 inch, or ± 0.025 I*' <*"'■ 

32 32 Vg 90 

The ditterenoes of the single observations taken under like conditions from 
their mean will be Called deviations, and their numerical average {i.e. their sum 
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DBPmrnONS AND EXPLANATIONS. xliil 

omitting their algebraic sign, divided iiy tlieir niui:t)eT} will be called the average 
deviation ot tlie single observation Irom tlie mean, and will be denoted bj ad. 
This quantity divided by the square root of n would be called the average devia- 
tion of the mean, and will lie denoted by AD. It is the average amount by 
which any one such mean would be found to deviate from the aver^^ of a 
number of such meane all taken under like conditions. The term deviation 
measure will be used in referring to eilier of these quantities. 

Briefly, then, the meaning of the terms ma; lie summarized as follows : By 
the statement that the accuracy or reliability of a result is of a quoted amount 
is meant that the deviation meaaora of this result is estimated or foond to be of 
this stated amount, and that so far as this can be discovered by inspection, no 
other sources of error exist which affect the result by an amount sensible as 
compared with tills.* 

It is essential to bear in mind in connection with t^l quantities that are the 
resalt of measurement that no abeolute numerical expression of the accuracy 
or error Is possible ; that any expression whitA is given is usually merely a 
deviation measure; that Is, an approximate average value of the eSect of 
the variable parts of the errors, accompanied by an assurance, expressed or 
implied, that a study of the discoverable sources of error of the process has 
been made, and that these have been corrected for or found to be negligible 
compared to the deviation measure. 

In specifying the accuracy desired in the result, it most be understood that 
merely the converse of this is meant ; or, at least, that only the conveise is possi- 
l)le of attainment. 

Boles for Sigoiflcant Fignres. — The rules are so framed that, barring mis- 
takes, the greatest possible computation error entering into the result of any 
ordinary compulation (e.g. one involving a total of not much exceeding zo 
component numbers, steps, or operatione, where a. rejection error may occur) 
shall not be sensible compared with the errors of the measurements or data, or 
shall not sensibly affect the accuracy of the result. They are, therefore, tgfe 
rules in the worst possible cases. But in order to be so they are necessarily 
mote than sufBciently stringent for some classes of comparatively rough work, 
where the infrequent undetected entrance of a computation error two to four 
times as large as the experimental error would be permissible. For such work 
one less place of figures may be used, but when the rules are thus relaxed the 
possible consequence should be borne in mind, and special scrutiny applied to 
the various stages of the computation, special attention being directed to quan- 
tities beginning with i or z. 

SeJectiOD Error. — Whenever it becomes necessary to throw oS places of 
figures, a ' ' rejection error " may enter into Uie result j e.g. suppose that for any 
reason the last two figures are to be rejected in 

*4 375 291. 
making it 24 37s 300. 

The rejection error in the new form is evidently + 9. 

In rejection, the lait figure retained is always to be increased by i when the 
rejected flgiire next it is 5 or over, but romains unchanged if that figure is less 
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xliv DEFrNmONS AND EXPLANATIONS. 

Thus, cftlling the last plaee lebUned the rth place, the limits of the rejectloD 
error entering into that place Are + o.j and — o. 5, and as all amounts between 
these limits are equally likely to occur, the average rejection error in the long 
run will be 0.35 in the nh place. 

Law and Amount of AccnmuUted Bejectlon Bnor. — Let the last place 
of significant flgurea retained in a number, e.g. the fourth, flEtli, etc, be called 
the rth place. Then the error enterti^ from rejection of figures beyond the rth 
win be at moat ±5 in the (r + 1) place, and any error between these limits, 
■+ 5 and — 5 in. the (r + 1) place, will be eqiially likely to occur in any given 
case, and therefore will be of equal frequency in the long run. The average 
rejection error in any considerable number of rejections will therefore be -^ 1.5 
in the (r -f i) place. If then in direct processes of multiplication, divLsEon, evolu- 
tion, or involution (separate or combined) each factor, product, and quotient in 
the operation be carried out to tbe same number r of places, what will be the accu- 
mulated f racUonal rejection error if n such rejections are made during the entire 
operation ? This error we sludl call for brevity the computation error, or 
simply the rejection error. 'Hiis question mi^t easily be answered in a form 
giving the average accumulated error, but we are at present concerned chiefly 
with the maximum possible error, since our object is to frame rules which will 
reduce the worst possible computation error to negli^ble dimensions. The 
maximum computation error would arise when every single rejection error was 
5 in the (r-(- i) place, and all had the same sign ; and this would be the greatest 
fraction of the final result when that result and all the factors (and therefore ail 
the intermediate products, quoticnis, etc.') began with i and had o in the other 
places, i.e. were each to*-' with the decimal point wherever it might happen to 
stand. If there were n of these factors, products, quotients, etc., at which 
rejections were made, the maximum possible computation error in the result 
would, therefore , be n x 5 in the (r -f i ) place, and the fractional error would 
be sn/io'. Since this maximum error would be exceedingly rare unless n were 
very small, and any approaching one-half of it would be very rare, we may 
property assume that our rules will be sufficiently stringent if we allow this 
maximum error to have the same magnitude as the desired accuracy in the 
result as expressed on the basis of the precision measure, or deviation measure, 
explained at page xlii. To determine most simply what number r of places this 
limitation would call for in the processes under consideration, let us take specific 
cases. Suppose the woric is dedred to possess an accuracy of i per cent. Then 
Sn/io^must be equal to or less than i per cent; i.e.5 n^i/too. Hence, we 
have to solve 



But obviously n will almost never be as small as 2, and rarely as large as 20, 
lying with greatest frequency between 5 and 10 and averaging below 7. This 
»r of 0.0035 ^'^ i P*'' ■*"' ""'' " = 7i •■ = 4i which would 
', and rising to i per cent only when n = 20. Hence, in work of 
multiplication, division, etc., where i per cent accuracy, or a little better, is 
desired (remembering that by this we mean only a deviation tntature of t per 
cent) r = 4 will be aa entirely safe but not an excessive value ; that is, the reten- 
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tioD of lour ^gnlflc&nt figures throughout will insure entirely sufficient freedom 
from coniputfttlon error in every case when the number of rejections is leas than 
the very onnsual total of about 20, aud fewer places would not be warranted. 
Similarly fire places will suffice for work to o.i per. cent, i.e. better than i per 
cent, but not much better than o.i per cent; six places for work of o.oi per 
cent, and so on. 

As to Telazation of the rules In special cases, it is evident that but little can 
be Bafely done. The maximum error with n = 7, r = 4, will be 0.35 per cent, 
and an error of \ of this, say, of 0.1 per cent, will not be of very Dncommon - 
occurrence. In fact, with only two rejections the error might be o. i per cent. 
Hence, four places cannot be considered as safe to o, t per cent, even for short 
computations. Four places might properly enough be used in short computa- 
tions up to } per cent. Similar statements of course hold for tbe other rules. 

When logarithms are used for multiplication, division, etc., tables should be 
used giving the mantissa to the same number of places of figures as required by 
the foregoing rules for direct multiplication and division. Hence, one would 
employ four-place tables for i per cent work, five-place tables for 0.1 per cent 
work, and so on. Hie numbers, antilogs, and mantissEe should aU be carried 
oat to the same number of places. This conforms to the customary and only 
conrenient pmcdce. 

This rule is based primarily on the fact, next to he shown, that under them 
the maximum computation error in the use of logarithms arises chiefly from the 
rejection in the niunbers and antilogs themselves and not sensibly from the 
rejected plac«s in the logarithms. In logarithms, a change of the rth figure by I 
produces the same fractional error in theanUlog whatever its value, viz. 2.4/10', 
as nkay be seen easily by inspection of tables. Hence, as the maximum rejection 
error in the tabular value of a logarithm is 5 in the (r + i) pltice of the man- 
tjssie, which may be doubled by the process of interpolating, the maximum 
fractional error in a result due to the maximum rejection error in any mantissa 
is 2.4/10'. But if only r places are retained in the number or antilog, the 
mazimum error in it due to rejection of its further places is 5/10', compared 
to which Z.4/10' is negligible. Hence, as the number of rejections from num- 
ber and antilog together is uBualiy about the same as from mantissse, the accumu- 
lated error will be due almost wholly to the rejections from the numbers and 
antilogs. And of these rejections there will ordinarily be about as many if the 
computation is carried out by logarithms as if by direct multiplication or 
division. The above rule is thus jostified. 

In addition or subtraction the maximum rejection error will be obviously 
5 n in the (r -|- p'ace. Under the above staled rule that the weakest quantity 
sball be carried to four significant figures (or two uncertain places) for i per 
cent work, the smallest value of the deviation measure or uncertainty of the 
result will be to in the rth place, which is 100 in the (r + i) place. Hence, 

The nfaximtun accumulated error would then attain the size of the smallest 

deviation measure, i.e. the worst possible case would occur, only when the num- 
ber of rejections was as great as twenty. Hence, the rule of four places for t 
per cent work, five tor o.t per cent work, and so on, as before given, is sufficient. 
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FOUR PLACE LOGARITHMS. 



No. 





I 


2 


3 


4 


5 


6 


7 


8 


9 


.NTeP,«,^T,OH 


1.00 


.0000 


.0004 


X)(»9 


.0013 


.0017 


.0O22 


.0026 


.0030 


■0035 


.0039 


38 S6 M 32 


.01 


0043 


0048 


005* 


0056 


0060 


0065 


0069 


0073 


0077 


0082 


4 4 3 3 




0086 


0090 


C095 


□099 




0107 




01.6 




01 24 


8776 


■03 


01 zS 


o"33 


0137 


0141 


OH5 


0149 


o>54 


0158 


0162 


0166 


II II 10 10 


.04 


0170 


0175 


0179 


0183 


0187 


OI9I 


0195 


0199 


0204 


0208 


15 14 14 13 


1.05 


.03I2 


.0216 


.022O 


.0224 


,0228 


.0233 


■0*37 


.0241 


.0245 


.0249 


19 18 17 16 


.06 


0*53 


0157 


0261 


0265 


0269 


o*73 


0278 


0282 


0286 


0290 


23 22 20 19 


-07 


0294 


0298 


030* 


0306 


0310 


0314 


0318 


0322 


0326 


0330 


27 25 24 22 


.08 


0334 


0338 


034* 


0346 


0350 


0354 


0358 


0362 


0366 


0370 


30 29 27 26 


.09 


0374 


0378 


0382 


0386 


0390 


0394 


0398 


□40* 


0406 


0410 


34 32 3' 29 
30SS S8 S4 


1.0 


.0000 


.0043 


.O0S6 


.0128 


.0170 


^212 


■0*53 


.0294 


■0334 


■0374 




0414 


0453 


049* 


053> 


0569 


0607 


0645 


0682 


0719 


0755 


3 3 3 * 


.3 


0792 


0828 


0864 


0899 


0934 


0969 


loot 


103S 


1072 


1 106 


6655 


■3 


"39 


1173 


I206 


1*39 


1271 


1303 


'335 


1367 


1399 


1430 


9887 


4 


1461 


149a 


'5*3 


1553 


1584 


1614 


1644 


1673 


1703 


■73* 


12 II 10 10 


»S 


..761 


.1790 


.1818 


.1847 


■187s 


■1903 


-1931 


■"959 


.1987 


JW14 


15 14 >3 '* 


.6 


2041 


2068 


2095 


21ZZ 


2148 


*'75 


320I 


2227 


2253 


2279 


18 17 16 14 


■7 


23°4 


2330 


*355 


2380 


2405 


*430 


*455 


2480 


2504 


*5*9 


2. 20 18 ,7 


.3 


^553 


*S77 


zfei 


*625 


2648 




2695 


27.8 


274* 


2765 


*4 22 21 19 


■9 


2788 


2810 


*833 


2856 


2878 


2900 


29*3 


*945 


2967 


2989 


27 25 23 22 


2.0 


.3010 


^■303* 


■3054 


■3075 


.3096 


.3"8 


■3' 39 


.3160 


.3i8. 


.3*01 


S3 20 IB 16 




3iM 


3243 


3*63 


3=84 


3304 


3324 


3345 


3365 


3385 


3404 


2 2 2 2 




34*4 


3444 


3464 


3483 


350* 


35" 


354' 


3560 


3579 


3598 


4 4 4 3 


.3 


36'7 


3636 


3655 


3674 


3692 


37" 


37*9 


3747 


3766 


3784 


7655 


A 


380* 


38*0 


3838 


3856 


3874 


389* 


3909 


39*7 


3945 


3962 


9876 


'■S 


■3979 


•3997 


.4014 


4031 


.4048 


.4065 


^d82 


.4099 


.4"6 


4133 


11 10 9 8 


.6 


4' 5° 


4166 


4183 


4200 


42 16 


4*33 


4249 


4*65 


428> 


4*98 


13 12 11 10 


-7 


43'4 


4330 


4346 


4362 


4378 


4393 


4409 


4425 


4440 


4456 


"5 14 13 " 


.8 


4472 


4487 


4502 


4518 


4533 


4548 


4564 


4579 


4594 


4609 


18 16 14 13 


■9 


4624 


4639 


4654 


4669 


4683 


4698 


47'3 


47*8 


474* 


4757 


20 18 16 14 


3.0 


477' 


4786 


.4800 


-(814 


.4829 


4843 


4857 


487' 


.4886 


4900 


IB 14 IS IS 




4914 


4928 


4942 


4955 


4969 


4983 


4997 


6011 


5024 


5°38 


2 I I I 




505" 


5065 


5079 


5092 


5105 


5119 


5132 


5 '45 


5 '59 


5172 


3 3 3 * 


•3 


5'8S 


5198 


S*" 


5**4 


5*37 


5*50 


5^63 


5276 


5289 


S302 


5 4 4 4 


■4 


5315 


53*8 


S340 


5353 


5366 


5378 


5391 


5403 


5416 


5428 


6655 


3.5 


■5441 


■5453 


■5465 


■5478 


■5490 


■550' 


■55 '5 


-5527 


■5539 


■555' 


8776 


.6 


5563 


5575 


5587 


5599 


56,1 


5623 


5635 


5647 


5658 


5670 


9887 


■7 


5682 


5694 


S7<»S 


57"7 


57*9 


5740 


575* 


5763 


5775 


5786 


II 10 9 8 


.8 


5798 


5809 


S82. 


S83* 


5843 


5855 


5866 


5877 


5888 


5899 




■9 


59" 


5922 


S933 


5944 


5955 


5966 


5977 


59S8 


5999 


6010 


14 13 12 II 


40 


,6021 


.603. 


.6042 


•6053 


.6064 


.6075 


.6085 


.6096 


.6107 


.6117 


11 10 S 8 




6128 


6138 


6149 


6160 


6170 


6180 


6.9. 


6201 


6212 


6222 




.2 


6232 


6243 


6*53 


6263 


6274 


6284 


6294 


6304 


63.4 


63*5 


2 2 2 3 


■3 


6335 


6345 


6355 


6365 


6375 


6385 


6395 


6405 


6415 


64*5 


3 3 3 * 


■4 


643s 


6444 


6454 


6464 


6474 


6484 


6493 


6503 


6513 


65*2 


4 4 4 3 


4.5 


■6533 


.6542 


■655" 


.6561 


.6571 


.6sto 


.6590 


.6599 


.6609 


.661 3 


6554 


.6 


6628 


6637 


6646 


6656 


6665 


6675 


6684 


6693 


6702 


6712 


7655 


■7 


6721 


6730 


6739 


6749 


6758 


6767 


6776 


6785 


6794 


6803 


8766 


.8 


6S12 


6821 


6830 


6839 


6848 


6857 


6866 


6875 


68&4 


6893 


9876 


•9 


690a 


6911 


6920 


6928 


6937 


6946 


6955 


6964 


697* 


6981 


10 9 8 7 
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FOUR PLACE LOCARITHMS. 



4 PL. LOOS. 



No. 





I 


2 


3 


4 


5 


6 


7 


8 


9 


nr^.^'^.o. 


"mT 


.6990 


.6998 


.7007 


.7016 


.7024 


■7033 


.7042 


-705° 


.7059 


.7067 


9 S 7 




7076 


7084 


7093 


7101 


7110 


7118 


7126 


713s 


7'43 


7153 


I I I 




7160 


7168 


7" 77 


7185 


7»93 


7202 


7210 


7218 


7226 


7*35 




■3 


7*43 


7251 


7*59 


7267 


7*75 


7284 


7292 


73«> 


7308 


7316 


323 


4 


73*4 


733* 


7340 


7348 


7356 


7364 


737* 


7380 


7388 


7396 


4 3 3 


S-S 


.7404 


■741* 


.7419 


■74*7 


.7435 


■7443 


■745' 


■7459 


.7466 


■7474 


5 4 4 


.6 


7482 


7490 


7497 


7505 


75'3 


7S*o 


75*8 


7536 


7543 


755' 


5 5 4 


■7 


7559 


7S66 


7S74 


758* 


7589 


7597 


7604 


75.2 


7619 


7627 


6 6 5 


,8 


7634 


7642 


7649 


7657 


7664 


767* 


7679 


7686 


7694 


7701 


766 


■9 


7709 


7716 


77*3 


773« 


7738 


7745 


7752 


7760 


7767 


7774 


876 


6.0 


.7782 


.7789 


.7796 


■7803 


■7810 


.7818 


-78*S 


.7832 


■7839 


.7846 






78S3 


7860 


7868 


7875 


7882 


7889 


7896 


7903 


7910 


7917 






79*4 


793" 


793S 


7945 


795* 


7959 


7966 


7973 


7980 


7987 




■3 


7993 


80D0 


8007 


8014 


8021 


S028 


8035 


8041 


8048 


805s 




-4 


8061 


8069 


8075 


8082 


8089 


8096 


8102 


8109 


8116 


8133 




6.5 


^129 
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9606 9603 9598 9594 9590 


-44-«^36-Sa 


1.0 


0.0000 


-.9957 i".99i4r.9872 7-9830 


7.9788 7.9747 7.9706 7.9666 7.9626 




T.9586 


9547 9508 94*9 943' 


9393 9355 93i8 9*8i 9*45 


4 4 4 3 




9Jo8 


9172 9136 9101 9066 


9031 8996 8962 8928 8894 


9876 


■3 


8861 


8827 8794 8761 8719 


8697 8665 8633 8601 8570 


13 12 n 10 


.4 


8539 


8508 8477 8447 8416 


8386 8356 8327 8297 8268 


18 16 14 13 


>-S 


1,8239 


-.82107.81827.81537.8125 


7.8097 7.8069 7.8041 7.8013 7.7986 


22 20 18 16 


.6 


7959 


793* 7905 7878 7853 


7825 7799 7773 7747 77*i 


26 24 22 19 


■7 


7696 


7670 7645 7610 7S95- 


757° 7545 75»' 749* 747i 


31 28 25 22 


^ 


7447 


74=3 7399 7375 735» 


7328 7305 7281 7258 7*35 


35 3* *9 z6 


-9 

2.0 


72U 


7190 7167 7144 7122 


7100 7077 705s 7033 7011 


40 363* 29 
-tt-W-34-SS 


r.6990 


-.6968 7.69467.6925 7.6904 


r.68«2 7.6861 7.6840 7.6819 7.6799 




6778 


6757 6737 6716 6696 


6676 6655 6635 6615 6596 


3 3 * * 


.2 


6576 


6556 6536 6517 6497 


6478 6459 6440 6421 6402 


6554 


.3 


6383 


6364 6345 6336 6308 


6289 6271 6253 6234 6216 


8877 


»5 


6198 


6180 6162 6144 6126 


6108 6091 6073 6055 6038 


II 10 10 9 
14 13 I* II 


T.6021 


-.60037.59861.59697.5951 


759357.59187.59017.58847.5867 


.6 


5850 


5834 5817 5800 5784 


5768 5751 5735 57'9 570* 


17 16 14 13 


■7 


5686 


5670 5654 5638 Idit 


5607 559' 5575 556o 5544 


20 18 17 IS 


.8 


55^8 


5513 5498 5482 5467 


545' 5436 542t 5406 5391 


22 21 19 18 


■9 
3.0 


5376 


5361 5346 5331 5317 


5302 5287 5272 5258 5243 


25 23 22 20 

-18-16-14-18 


7.5229 


-.52147.52007.51867.5171 


7-5'57 7.5143 7.s>29 7.51 14 7.5T00 




5086 


5072 5058 5045 5031 


5017 5003 4989 4976 4962 




.3 


4948 


4935 4921 4908 4895 


4881 4868 4855 4S41 482S 


4 3 3 * 


•3 


4815 


4802 4789 4776 4763 


4750 4737 47^ 47" 4698 


5 5 4 4 


•4 


468s 


4672 4660 4647 4634 


4622 4609 4597 4584 4572 


7665 


3.5 


MS59 


■4547'4S3S7.4S"74Sio 


7,4498 7.4486 7.4473 74461 74449 


9876 


.6 


4437 


4425 4413 4401 4389 


4377 4365 4353 434* 433° 


11 .0 8 7 


.7 


43'8 


4306 4295 4283 4271 


4260 4248 4237 4225 4214 


13 II 10 8 


.8 


4202 


4191 4179 4168 4157 


4145 4134 4'*3 4"* 410' 


14 13 11 >o 


■9 


4089 


4078 4067 4056 4045 


4034 4023 4012 4001 3990 


16 14 13 11 


4.0 


7.3979 


"■3969 T.3958 7.3947 7.3936 


7.39*5 7391S 7.3904 7.3893 7.3883 


-11-10 -9 -8 




387* 


3862 3851 3840 3830 


3820 3809 3799 3788 3778 


till 




3768 


3757 3747 3737 3736 


3716 3706 3696 3686 3675 




■3 


3665 


3655 3645 3635 3625 


3615 3605 3595 3585 3575 


3332 


■4 

4.5 


3565 


3556 3546 3536 3526 


35'6 3507 3497 3487 3478 


4 4 4 3 
6 5 5 4 


73468 


.3458 7,3449 7.3439 7.3429 


7.3420734107.3401 1,3391 73382 


.6 


337* 


3363 3354 3344 3335 


33*5 33'6 3307 3298 3*88 


7655 


■7 


3279 


3270 3261 3251 3242 


3233 3224 3215 3206 3197 


8766 


.8 


3188 


3'79 3'70 3'6i 3'52 


3143 3'34 31*5 3116 3107 


9876 


■9 


3098 


3089 3080 3071 3063 


3054 3045 3036 30*8 3019 


.0987 



COLOQS. 4 PL, 



„Google 



FOUR PLACE COLOCARITHMS. 

4 PL. COLOOS. 



No. 


12 3 


4 


56789 


INTERPOLATION 


5.0 


T.30IO T.3002 7.2993 T.2984 


-.2976 


7.2967 1.2958729507.2941 7.2933 


-9-8-T 




2924 2916 2907 2899 


2890 


2882 2874 2865 2857 2848 




-J 


2840 2832 2823 2815 


2807 


2798 1790 2782 2774 2765 




■3 


2757 2749 2741 2733 


2725 


2716 2708 1700 2692 2684 




4 


2676 2668 2660 2652 


2644 


2636 2628 2620 2612 2604 




5-S 


T.2596 7.2588 7.2581 1.2573 


.2565 


7.2557 ''■^549 7.2541 7.2534 7.2526 




.6 


2518 2510 2503 2495 


2487 


2480 2472 2464 2457 2449 




■7 


2441 2434 2426 2418 


24U 


2403 2396 2388 3381 2373 


665 


.8 


2366 2358 2351 2343 


2336 


2328 2331 nn 2306 2299 


766 


•9 


2291 2284 2277 2169 


2262 


225 S 2248 2240 2Z33 2226 


876 


6.0 


T.22i8 7.221 1 7.2204 i'-*i97 


.2190 


7.21827.21751.21687.21617.2154 


-7 -e 




2147 2140 2132 2125 


2118 


2111 Z104 2097 2090 Z083 




.2 


2076 2069 2062 2055 


2048 


2041 2034 2027 2020 2013 




■3 


2007 20IX> 1993 1986 


"979 


1972 1965 1959 195* '945 




•4 

6.5 


1938 1931 ms 1918 


igii 


1904 1898 1891 1884 1878 




7.18711.18641.18587.1851 


.1844 


7.1838 1.1831 7.1824 1.1818T.1811 


.6 


1805 1798 1791 '785 


«778 


1772 1765 1759 1752 1746 




.7 


1739 '733 '726 I7W> 


«7>3 


1707 1701 1694 1688 1681 




.8 


1675 1669 1662 1656 


1649 


1643 1637 1630 1624 1618 




■9 


-4612 1605 1599 1593 


1586 


1580 1574 1568 1561 1555 




7.0 


7,15491.15437.15377.1530 


■524 


7.15187.15127.15067.15007.1494 


-« -B 




1487 1481 1475 M69 


1463 


1457 '45' '445 '439 '433 




.2 


1427 1421 1415 1409 


1403 


'397 '391 1385 1379 1373 




■3 


1367 1361 1355 1349 


1343 


'337 m' '325 ■3'9 '314 




■4 


1308 1302 T296 1290 


1284 


1278 1273 1267 1261 1255 




7'5 


7.11497.12447.12387.1232 


'.1226 


7.1221 7.1215 T.I209 7,12037.1198 




.6 


1192 1186 iiSo 1175 


1169 


1163 1158 1152 1146 1141 




-7 


1135 "29 11*4 i"8 


U13 


1107 iiol 1096 1090 1085 




.8 


1079 1073 1068 1062 


'057 


1 05 1 1046 1040 103 s 1029 




-9 


1024 1018 1013 1007 


1002 


0996 0991 0985 0980 0975 




8.0 


7.0969 7.0964 7.0958 7.0953 


.f>947 


7.09427.0937 7j393t T.0926 7.0921 


-e -6 




0915 0910 0904 0899 


0894 


0888 -0883 0878 0872 6867 




.2 


0862 0857 0851 0846 


0841 


0S35 0S30 0825 0820 0814 




■3 


0809 0804 0799 0794 


0788 


0783 0778 0773 0768 0762 




4 


0757 0752 0747 0742 


0737 


0731 0726 0721 0716 0711 




8.5 


7.07067.07017.06967.0691 


X)68s 


7x)68o7x)67s 7.0670 7.0665 ^0660 




.6 


"^55 0650 0645 0640 


0635 


0630 0625 0620 0615 061a 




■7 


0605 0600 059s 0590 


0585 


0580 0575 0570 0565 0560 




.8 


osss 0550 0545 0540 


0535 


0531 0526 0521 0516 0511 




■9 
9.0 


0506 0501 0496 0491 


0487 


0482 0477 0472 0467 0462 


-i -4 


7.0458 7.0453 '-0448 7.0443 '-(MSS 


7.0434 T.0429 70424 T.04I9 7/D4'4 




0410 0405 0400 0395 


0391 


0386 0381 0376 037Z 0367 






0362 0357 0353 034S 


0343 


0339 0334 0329 0325 0320 




-3 


0315 0311 0306 0301 


0297 


0292 0287 0283 0278 0273 




4 


0369 0264 0259 0255 


0250 


0246 0241 0237 0232 0227 




9-5 


7.0223 T.Q218 7.0214 7.0209 


.0205 


1.02007.0195 7.0191 7.01867.0182 




.6 


0177 0173 0168 0164 


f>'59 


0155 0150 0146 0141 0137 




■7 


0132 0128 0123 0119 


0114 


Olio 0106 oioi 0097 0092 




.8 


0088 0083 0079 0074 


0070 


0066 0061 0057 0052 0048 




■9 


0044 0039 0035 0031 


0026 


0022 0017 0013 0009 tXX]4 





(7) 



4 PL. COLOQS. 

3,i,zod=,Googlc 



„Google 



6 PL. LOOS. 
ABBREV. TAB. 



TABLE OF FIVE PLACE LOGARITHMS, 



An Abbreviated Table for One and Two Place Numbers ; 
A Table for Five Place Numbers from t.O to I.I Avoiding Interpolation ; 
A Table for All Four Place Numbers with Interpolation Tables for the 
Fifth Place. 



No. 


log. 


No. 


log. 


No. 


log. 


No. 


log. 


No. 


log. 







-« 


2.0 


30103 


10 


.60206 


6.0 


77 815 


8.0 


90309 




I 


00000 


2.1 


32 222 


4.1 


.61 278 


6.1 


78533 


3.1 


90849 




2. 


30103 


2.2 


34242 


4.2 


.62 325 


6.2 


79239 


8.2 


91381 




3 


47 7" 


2-3 


36173 


43 


■63 347 ' 


6-3 


79934 


8.3 


91908 




4 


60306 


2.4 


38021 


44 


■(4345 


64 


80618 


8.4 


92428 




5 


69897 


^■5 


39 794 


4-5 


■65 321 


6.5 


81 291 


8.5 


92942 




vfi 


77815 


2.6 


41497 


4.6 


.66276 


6.6 


81954 


8.6 


93450 




7 


84510 


2-7 


43136 


47 


.67210 


6.7 


82607 


8.7 


93952 




g 


90309 


2.8 


44716 


4.8 


.63 124 


6.8 


83251 


8.8 


94448 




9 


95424 


2.9 


46240 


49 


.69020 


6.9 


83885 


8.9 


94939 




1.0 


xwooo 


3.0 


47712 


5.0 


.69897 


7.0 


84510 


9.0 


95 4*4 






I 


^139 


3-1 


49136 


5-1 


-70757 


71 


85126 


9.1 


95904 






2 


07918 


3.2 


50515 


5-2 


.71600 


7.2 


85733 


9.2 


96379 






3 


"394 


3.3 


5185. 


S-3 


.72438 


7-3 


86332 


9-3 


96848 






4 


14613 


34 


53148 


54 


■73 239 


7-4 


86923 


9.4 


97 3"3 






5 


17609 


3-5 


54407 


5.5 


■74036 


7^5 


87506 


9^5 


97772 






6 


20412 


3-6 


55630 


5.6 


■74819 


7.6 


38 081 


9.6 


98227 






7 


23045 


3.7' 


56820 


5-7 


•75 587 


7^7 


88 649 


9.7 


98677 






8 


25527 


3.8 


57978 


5.8 


■76343 


7.8 


89209 


9.8 


99123 






9 


27875 


3-9 


59106 


5-9 


■77085 


7^9 


89763 


9^9 


99564 
















(Si _ 


;^:: 




5 PL 
ABBR 


. LOG 
EV. T 


S. 



1.0-1.1. 
LOOS. B PL. 



FIVE PLACE LOGARITHMS. 



NO. 





I 


2 


3 


4 


5 


6 


7 


8 


9 


1.000 


J)OO0O X10004 


00009 


00013 ■ 


000.7 


.00O22 


DO 026 


00030 X 


JO 035 


00039 




00043 


00048 


DO 052 


°°i« 


3oo6: 


00065 


00069 


DO 074 


10078 


00082 


.002 


00087 


00091 


DO 095 




30104 


00108 


00113 


00117 


30 121 


00126 


jx>3 


00130 


00134 


30139 


DO 143 


30147 


00.52 


30156 


00160 


X.165 


00169 


j»4 


00173 


00178 


00182 


OOIS6 


30191 


00:9s 


DO 199 


00204 


X.208 


00212 


i>»5 


.00217 


00 221 


00225 .00230 / 


30234 


.00238. 


30243 


00247 . 


3025: 


00255 


.006 


00260 


00 264 


DO26S 


00273 


30277 


0028: 


30 285 


DO 290 


30294, 


00299 


.007 


00303 


00307 


00312 


00316 


30320 


00325 


DQ329 


00333 


30 337 


00342 


.008 


00346 


00 35° 


K>3SS 


00359 


»363 


00368 


30372 


00376 


3038. 


00385 


.009 


00389 


DO 393 


00398 


00402 


30406 


OO4II 


30415 


00419 


30424 


CXJ428 


1.010 


.00432 


00436 


00441 


00445 - 


30 449 


«)454 


00458 


00462 X 


30467 


00471 


.011 


00 475 


00479 


00484 


00488 


3049a 


00497 


3050: 


00505 


30509 


00514 




005.8 


00522 


»527 


DO 531 


W535 


00540 


»544 


00548 


»SS2 


00557 


/)i3 


00561 


00565 


JO 570 


'»574 


»578 


00582 


»S87 


DO 591 


»595 


00600 


.014 


00604 


»6o8 


»6l2 


DO 617 


3062. 


00625 


30629 


DO 634 


30638 


00642 


1. 01 5 


.00647 


00651 


»655 


DO 659.. 


»664 


.00668 


00672 


00677. 


30 68. 


00685 


.016 


006S9 


00694 


DO 698 


DO 702 


30706 


0071. 


30715 


00719 


30724 


00728 


.017 


00732 


00736 


30 74. 


50 745 


»749 


00753 


30758 


00762 


X.766 


00771 


.018 


0077s 


00779 


30783 


DO 788 


30792 


00796 


DO 800 


0080s 


X3 809 


00813 


.019 


00817 


00822 


DO 826 


00830 


50 834 


00839 


>o843 


DO 847 


»o8s2 


00856 


1.020 


.00860 


00864 


DO 869 


00873 .00877 


A»88i . 


30886 


00890.. 


30894 


00898 




00903 


00907 


0091. 


009:5 


309Z0 


00924 


00928 


00932 


30 937 


00941 


.02J 


00945 


DO 949 


00954 


00958 


30962 


00966 


30971 


00975 


30 979 


00983 


.023 


00988 


00992 


00996 




31005 


0.009 


01013 


01 017 




01026 


X.24 


01030 


01 034 


31038 


0:043 


31 047 


01 051 


31055 


0:060 


.064 


0106S 


1.025 


.01072 


01077 


31 08: 


0:085. 


31089 


.01094 . 


3:098 


0. 102 . 


. :o6 


ot tit 


.026 


01 115 


01 119 


0. .23 


o::27 


31132 


0: 136 , 


01.40 


OII44 


..49 


01153 


.027 


01 157 


01 161 


31166 


0: 170 


1174 


01178 


3II32 


0.187 


I .91 


01195 


.028 


01 199 


01204 


0.208 




31 216 


01220 


01225 


0:229 


1233 


01237 


.029 


01242 


0.246 


01250 


0:254 


DI258 


01263 


0:267 


0127. 


31275 


01280 


1.030 


.oia84 


OI2S8 


01292 


0.296 


DI30I 


.01305 


0.309 


0.313 ■ 


1317 


01322 


JJ31 


0:326 


01330 


01334 


01338 


31343 


01347 


0135' 


01355 


1360 


01364 


.032 


01368 


01372 


0.376 


01381 


3.385 


0.389 


"393 


01397 


1402 


0:406 


.033 


01410 


01 414 


oi4'8 


01423 


31427 


01431 


01 435 


o'439 


'444 


01448 


■034 


01 45* 


01456 


0.460 


01465 


31469 


01473 


01477 


0148. 


i486 


01490 


1.035 


.01494 


01498 


01 502 


01 507 ■ 


01511 


.01515 


01 519 


01 523 . 


.528 


01532 


.036 


01536 


01540 


='544 


0'549 


"553 


01557 


01561 


01565 


31570 


01574 


.037 


01578 


01582 


0:586 


01590 


3159s 


01599 


01603 


01607 


31 611 


01 616 


fl38 


01 620 


01624 


01628 


01632 


3.636 


01 641 


0.645 


0:649 


1653 


01657 


■039 


01662 


01666 


0.670 


01674 


0:678 


016S2 


0.687 


0169: 


31695 


01699 


1.040 


.01703 


01708 


01712 


0.7:6. 


31720 


.0:724 


0:728 


0. 733 ■ 


1737 


01741 


.041 


0174s 


01749 


01753 


01758 


3:762 


01766 


0:770 


01774 


1778 


01783 


.042 


01787 


01791 


01795 


0.799 


01 803 


01808 


018:2 


01816 


1820 


01824 


.043 




0.833 


0.837 


01841 


0:845 


01849 


01853 


01858 


31862 


01866 


.044 


0I870 


01874 


01878 


0:883 


D.887 


0.891 


01895 


01899 


31903 


01907 


1.04,5 


.01 912 


019:6 


0:920 


01924- 


31 928 


.01 93S 


01937 


01941 - 


31945 


01949 


.046 


o!953 


01957 


01 961 


01966 


0:970 


01974 


0:978 


01982 


3.986 


01991 


.047 


01995 


01999 


02003 


02007 




02015 




02024 


32028 


02032 


.048 


02036 




02044 


02049 


02053 


02057 


02061 


02065 


32069 


02073 


■049 


02078 


02082 


02086 


02090 


02094 


02098 


02102 


02:07 


"'" 


02 115 



LOOS. 6 PL. 
t. 0-1.1. 



„Google 



FIVE PLACE LOGARITHMS. 1.0-1.1. 

8 PL. LOOS. 



No. 


01234 


56789 




1.050 


.02 119 .02 123 .02 127 .02 131 .02 135 


.02 140 .02 144 .02 148 .02 152 X,2 156 


. 


.051 


02160 02164 02169 02173 02 '77 


02 181 02185 02189 o2f93 02197, 


. 


.052 


02202 02206 02210 02214 0221S 


02222 02226 Q2230 02235 02239 




■053 


02243 02247 02251 02255 02259 


02 263 02 268 02 272 02 276 02 280 




■054 


02 284 02 288 02 292 02 296 02 30! 


0230s 02309 02313 02317 02321 




1-055 


.02 325 X>2 329 .02 333 J32 338 .02 342 


.02 346 -02 350 .02 354 x>2 358 .02 362 




.056 


02366 02371 0237s 02379 02383 


02387 02391 02395 02399 02403 




■057 


02407 02412 02416 02420 02424 


02428 02432 02436 02440 02 444 




.058 


02449 02453 02457 02461 02465 


02469 02 473 02477 02481 01485 




■059 


02490 02494 02498 02502 02506 


02510 02514 02518 02522 02526 




1.060 


.02531 .02535 .02539 .02543 .01547 


.02551 .02555 -02559 -02563 .02567 




Xjfti 


02572 02576 02580 02584 01588 


02592 02596 02600 02604 02608 




.062 


02612 02617 02621 02625 02629 


02633 02637 02641 02645 02649 




.063 


02653 02657 02661 02666 02670 


01674 02678 02682 02686 02690 




.064 


02694 02698 02702 02706 02710 


02715 02719 02713 02727 02731 




1.065 


.02 735 .02 739 ai 743 -02 747 -02 751 


■02 755 -02 759 -02 7^3 -02 768 .02 772 




.066 


02 776 02 78D 02 784 02 788 02 792 


02796 02800 02804 01808 02812 




.067 


02816 02821 02825 02829 02833 


02837 02841 0284s 02849 02853 




X.68 


02857 02861 02865 02869 02873 


02877 02882 02886 02890 02894 




.069 


02898 02902 02906 02910 02914 


02918 02922 02926 01930 02934 




1.070 


.02938 .02942 .02946 J52951 .02 955 


J32 959 .02963 J32 967 .01971 .02975 




.071 


02979 02983 02987 02991 02995 


02999 03003 03007 03 01 1 03015 




.072 


03019 03024 03028 03032 03036 


03040 03044 03048 03052 03056 




■073 


03060 03064 03068 03072 03076 


03080 03084 03088 03092 03096 




.074 


03100 03104 03109 03113 03 117 


03 121 03125 03129 03133 03137 




1.075 


.03 141 .03 I4S 03 149 03 153 03 157 


.03 161 .03 165 .03 169 .03 173 .03 177 




.076 


03181 03185 03189 03193 03197 


03201 03205 03209 03214 0321S 




•077 


03222 03226 03230 03234 03238 


03142 03246 03250 03254 03258 




.078 


03262 03166 03270 03274 03278 


03 282 03 186 03 290 03 294 03 29S 




.079 


03302 03306 03310 03314 03318 


03322 03326 03330 03334 03338 




1.080 


.03341 .03346 .03350 JJ3 3S4 .03358 


.03362 .03366 .03371 .03375 -03379 




.081 


03383 03387 03391 0339s 03399 


03403 03407 03411 03415 03419 




.082 


03423 03427 03431 03435 ''3439 


03443 03447 03451 0345s 03459 




x)83 


03463 03467 03471 0347s 03479 


03483 034S7 03491 0349s 03499 




.084 


03503 03507 03511 03515 03519 


03523 03517 03531 03535 03539 




1,085 


■03543 '03 547 -03551 -03555 -03 559 


-03563 -03567 03571 .03 575 .03579 




.086 


03583 03587 03591 0359s 03599 


03603 03607 03611 03615 03619 




.087 


03623 03627 03631 03635 03639 


03643 03647 03651 0365s 03659 




.083 


03663 03667 03671 03675 03679 


03683 03687 03691 03695 03699 




.089 


03703 03707 03711 03715 03719 


03723 03727 03731 03735 03739 




1.090 


■03743 -03747 -03 75" -03755 -03759 


-03763 03767 -03771 -03775 -03778 




.091 


03782 03786 03790 03794 03798 


03802 03806 03810 03814 03818 




,092 


03822 03826 03830 03834 03838 


03842.03846 03850 03854 03858 




.093 


03862 03866 03870 03874 03878 


03882 03886 03890 03894 03898 




,094 


03902 03906 03910 03914 03918 


03922 03926 93930 03933 03937 




1-095 


.03941 .03945 -03949 -03953 -03957 


.03961 .03965 ,03969 ,03973 -03977 




.096 


03981 03985 03989 03993 03997 


04001 04005 04009 04013 04017 


X 


.097 


04021 04025 04029 04033 04036 


04040 04044 0404S 04052 04056 ■ 


.C 


.098 


04060 04064 04068 04072 04076 


04080 04084 04088 04092 04095 




■099 


04100 04104 04108 04112 04116 


04120 04123 04127 04131 0413s 





(II) S PL. LOGS. 

1.0-1.1. 



!db, Google 



FIVE PLACE LOGARITHMS. 



No. 


01234 


5 67 8 9 


r.i:^ 


1.00 


.00000 .00043 .00087 .00 130 i» 173 


.00 217 A» 260 .00 303 xx> 346 .00 389 






00432 0047s 00518 00561 00604 


00647 00689 00732 0077s 00817 






00860 00903 00945 00988 01030 


01072 01 IIS 01 157 01199 01242 


Forlogl.0 
to log 1.1 


■03 


01284 o'326 o'368 01 410 01452 


01 494 01 536 01 578 01 620 01 662 


XH 


01 703 01 745 01 787 01 8z8 01 870 


01 912 01953 01995 MOM 02078 


1-05 


.02 119 .02 160 .02 202 .02 243 .02 284 


/)2 325 .02 366 .02 407 .02 449 .02 49O 


.riV^Mlh. 


.06 


02531 02572 02612 02653 02694 


02735 02776 02816 02857 02898 




.07 


02938 02979 03019 03060 03 100 


03 141 03181 03222 03262 03302 


Wo pKn. 


.08 


03342 03383 03423 03453 03503 


03 543 03 583 03 623 03 663 03 703 




■09 


03743 03781 0383Z 03862 03902 


03941 03981 01091 04060 04100 




1.10 


.04 139 .04 179 .04 218 .04 258 .04 297 


■04 336 ^04 376 ^04 41 5 -04 454 ^04 493 


38 3« 


.11 


04532 04571 04610 04650 04689 


04727 04766 04805 04844 04883 


4 4 




04922 04961 04999 OS088 05077 


05 "5 05 154 05 192 05 231 OS 269 


8 7 


•13 


05308 05346 05385 05423 05461 


05 500 05 538 05 576 05 614 05 652 




■>4 


05690 05729 05767 05805 05843 


05881 05918 05956 05994 00082 


«5 '4 


i«S 


.06070 .06 to8 /)6 145 .06 183 .06 221 


.06 258 .06 296 .06 333 .06 371 .06 408 


19 18 


.16 


06446 06483 06521 06558 06595 


06 633 06 670 06 707 06 744 06 781 


23 22 


-'7 


06819 06856 06893 06930 06967 


or 001 07041 07078 07 115 07 151 


27 25 


.iS 


07188 07225 07262 07298 07335 


07372 07408 07 445 07482 07518 


30 29 


.19 


07555 0759' 07628 07664 07700 


07 737 07 773 07 809 07 846 07 882 


34 32 


1.20 


.07918 .07 954 .07 990 .08 087 x>8o63 


.08099.08(35 .08171 .08207 .08243 


34 33 




08279 08314 08350 083S6 08422 


08458 08493 08529 08565 08600 


3 3 


.22 


08636 08672 08707 08743 08778 


08814 08849 088S4 08920 08955 


7 7 


■23 


08991 09026 09061 09096 09132 


09 167 09 202 09 237 09 272 09 307 




.24 


09342 09377 0941a 09447 09^82 


.09517 09552 09587 09621 09656 


14 13 


1.25 


.0969! .09726.09760.09795 .09830 


.09 864 .09 899 .09 934 .09 968 ,10 DOS 


17 17 


.26 


10037 10072 10 106 10140 10175 


10209 10243 1027S 10312 10346 




.27 


10380 10415 10449 10483 10517 


10551 10585 10619 10653 "0687 


24 23 


.28 


10 721 10755 10789 10823 '0857 


10S90 10924 10958 10992 HOSE 


27 26 


.29 


U059 11093 11 i?6 II 160 11 193 


II 227 11261 11 294 11327 "361 


3' 30 


1.30 


.11394.11428.11461.11494.11528 


.11 561 .11 594.1162S.11 661 .11694 


39 31 


■31 


11727 11760 "793 "826 II 860 


II 893 II 926 II 959 11992 12084 


3 3 


■3= 


12057 12090 12123 12156 12189 


12222 12 254 12287 12320 12352 


6 6 


■33 


1238s 12418 12450 .2483 12516 


12548 12581 .2613 12646 12678 


10 9 


■34 


12710 12743 12775 12808 12840 


12872 12905 12937 12969 18001 


13 12 


'■3S 


.13033 ■13066 .13098 .13 130 .13 162 


,13 194 .13 226 .13 258 .13 290 .13 322 


16 16 


■36 


13354 13386 13418 13450 13481 


i3S'3 13545 13577 13609 13640 


19 19 


■37 


13672 13704 13735 13767 13799 


13830 13862 13893 13925 13956 




■38 


13988 14019 14051 14082 14114 


14145 14 176 14208 14239 14270 


26 25 


■39 


14301 14333 14364 I439S 14426 


14457 14489 14520 14551 14582 


29 28 


1.40 


.14613 .14644 .14 675 .14 706 .14 737 


.14 768 .14 799 .14 829 .14 860 .14 891 


30 99 


■4' 


14922 14953 '4983 1B014 15045 


15076 15 106 15137 15 168 15 198 


3 3 


■M 


15229 15259 15290 15320 15 351 


15381 15412 15442 15473 15503 


6 6 


■43 


'5534 15564 15594 15625 15655 


15685 15 715 15746 15776 15806 


9 9 


■44 


15836 15866 15897 15927 '5957 


15987 16017 16047 16077 16107 


12 12 


1.45 


.16137 .16167 16197 .16227 .16256 


.16286.16316 .16346.16376.16406 


15 15 


^6 


16435 '6465 16495 16524 16554 


16584 16613 16643 16673 16702 


18 17 


■47 


16732 16761 16791 16820 16850 


16879 16909 1693S 16967 16997 




.48 


17098 17056 17085 17 114 17143 


17173 17202 17231 17260 17289 


24 23 


-49 


■7319 17348 17377 17406 1743s 


17464 17493 17522 17551 17580 


27 26 



C") 



„Google 



FIVE PLACE LOGARITHMS. 



No. 


01234 


56789 


«b"T' 




160 


.17 609 .17 638 .17 667 .17 696 .17 725 


.17 754 .17 782 ■178" .17840 .17869 


as 27 


. 


■S' 


17898 17926 17955 ■798+ 1B0I3 


18041 18070 18099 18137 "8156 


3 3 


. 


■52 


18184 1S213 18241 18270 18298 


18327 18355 '8384 18412 18441 


6 5 




■53 


18469 '8498 1S526 18554 18583 


18611 18639 18667 18696 18724 


9 8 




■54 


18752 18780 1880S 18837 18865 


18893 18921 1S949 18977 19006 


12 n 




•■55 


.19033 .19061 .19089 .19 M7 .19 145 


.19 173 19 201 .19 229 .19 257 .19 285 


15 14 




.S6 


19312 19340 19368 19396 19424 


1945' «9479 19507 '9535 '9563 


17 16 




■57 


19590 19618 19645 19673 19700 


19728 19756 19783 19 811 19838 


ao 19 




.58 


19866 19893 19911 19948 19976 


90003 20030 20058 20085 20112 


23 22 




■59 


20140 20167 2OI94 20M2 20249 


20276 20303 20330 20358 20385 


26 24 




1.60 


.20412.20439.20466.20493.20520 


.20 548 .20 575 .20 602 .20 629 .20 656 


86 86 




.61 


20683 »>7»o J0737 20763 20790 


20817 20844 20871 20898 20925 


3 3 




.62 


20952 20978 81006 21032 21059 


21085 21 112 21 139 21 165 21 192 


5 5 




63 


21 219 21 245 2' *72 21 299 21 325 


21352 21378 21405 2143' 21458 


8 8 




.64 


21484 3' 5" 2' 537 *'564 21590 


21 617 21 643 II 669 21 696 21 722 


10 10 




1.65 


.21 748 .21 775 -2" 801.21827 .21 854 


.21 880 .21 906 .21 932 .21 958 .21 985 


'3 13 




.66 


B2011 22037 22063 22089 22 ns 


22 141 32167 22194 22 230 22246 


16 15 




.67 


22' 272 22298 22324 22350 22376 


22401 22427 22453 22479 22505 


18 iS 




.68 


22531 22 557 "583 22608 22634 


22660 22686 22712 22737 22763 


21 20 




.69 


22 789 22 814 22 840 22 866 22 89I 


22917 22943 22968 22994 8301B 


23 23 




1.70 


.23045 .23070 .23096 .23 121 .23 147 


.23 173 .23 198 .33 223 .23 249 .23 274 


86 84 




■71 


23300 23325 23350 2337G 23401 


33426 23452 23477 23502 23528 


3 2 




.72 


23 553 23578 23603 23629 23654 


23679 23704 23729 23754 23779 


5 S 




■73 


23805 23830 2385s 23880 2390s 


23930 23955 23980 84006 24030 


8 7 




,-74 


24055 24080 24105 24130 24155 


24 180 24 204 24 229 24 254 24 279 


10 10 




'■75 


.24 304 .24 329 24 353 -H 378 .24 403 


.24 428 .24 452 .24 477 ^24 502 .24 527 


13 12 




.76 


24 5S> 24576 24601 24625 24650 


24674 24699 24724 24748 24773 


15 '4 




■77 


24797 24822 24846 24871 24895 


24920 24944 24969 24993 M018 


iS 17 




.78 


25042 25066 25091 25115 25139 


25164 25188 25212 25237 25261 


20 19 




-79 


25 285 25 3ID 25 334 25 358 25 382 


25 406 25 431 25 455 25 479 25 503 


23 22 




1.80 


■25 527 -25 SSI .25 575 .25 600 .25 624 


.25 648 .25 672 .35 696 .25 730 .35 744 


84 88 




.81 


25 768 25 792 25 8i6 25 840 25 864 


35888 35913 2593s 25959 25983 






.82 


2600T 26031 26055 26079 26102 


26136 26150 26174 26198 26221 


S 5 




.83 


26245 26269 26293 26316 26340 


26364 26387 26411 26435 26458 


7 7 




.84 


26482 26505 26529 26553 26576 


36600 26623 26647 26670 26694 


10 9 




1.8s 


.26717 .26741 .26764 .26788 .26811 


.26834.26858.26881 .26905.26928 


11 12 






26951 26975 26998 27021 27045 


27068 27091 27 114 27138 27 161 


14 14 




:87 


27184 27207 27231 37254 27277 


27 300 27 323 27 346 27 370 27 393 


17 16 




.88 


37416 27439 27462 27485 27508 


27531 27 554 37577 27600 27623 


ig 18 




■89 


27646 37669 27692 27715 27738 


27761 27784 27807 37830 27852 


22 20 




1.90 


.27 875 .27 898 .27 921 .27 944 .27 967 


.27 989 M OlS .28 035 .28 058 .28 081 


88 81 




-9» 


28103 28126 28149 28171 28194 


28217 28 240 28262 28285 28307 






.92 


38330 28353 28375 28398 28421 


28443 28466 28488 28511 28533 


4 4 




■93 


28556 28578 28 601 28 623 28646 


28668 28691 28713.28735 28758 


7 6 




-94 


28780 28803 28825 28847 28870 


28892 28914 28937 28959 28981 


9 8 




.95 


.29 OM .29 026 ,29 048 .29 070 .29 092 


.29 115 .29 137 .=9 '59 ^29 181 .29 203 


II 11 




.96 


29226 29248 29370 39293 29314 


29336 29358 29380 29403 29425 


13 13 


.0 


■97 


39447 29469 29491 29513 39535 


29557 29579 29601 29623 29645 


'S 15 


.s 


■98 


29 667 39 688 29 710 29 732 29 754 


29776 29798 29820 29842 39863 


.8 .7 




■99 


298S5 39907 29929 29951 29973 


29994 3001S 30038 30060 30081 


20 19 





6 PL. LOOS, 
t. 

d, Google 



2. 
LOBS. 6 PL. 



FIVE PLACE LOGARITHMS. 



No. 





1234 


5 6 


789 


'^aT 


2.00 


■30103 


.30 125 .30 146 .30 168 .30 190 


■30 211 -30233 


30255 .30276 .30298 


SI 




30320 


30341 30363 30384 30406 


30428 30449 


30471 30492 30514 


2 




30535 


30557 30578 30600 30621 


30643 30664 


30685 30707 30728 




.03 


30750 


30771 30792 30814 3083s 


30856 30878 


30899 30920 30941 


6 


.□4 


30963 


30984 81006 31027 31048 


31069 31 091 


3" 112 31133 31154 


8 


2.0s 


■3" '75 


.31197 .31218 .31239 .31260 


.31281 .31302 


.31 323 -3" 345 -31 366 


II 


.06 


3" 387 


31408 31429 31450 31471 


31492 3' 513 


31534 3" 555 31576 


"3 


■07 


31597 


31 618 31 639 31 660 31 681 


31702 31723 


3" 744 31 765 31 785 


"5 


.«8 


3.806 


31827 31848 31869 31890 


31911 31931 


31952 31973 31994 


17 


■09 


3201S 


32035 32056 32077 32098 


32118 32139 


32160 3218! 32201 


"9 


2.10 


.32222 


.32 243 32 263 .32 284 .32 305 


■32325 -32346 


.32366 .32387 .32408 


90 




32428 


32449 32469 32490 32510 


32531 31552 


32572 32593 32613 




.13 


32634 


32654 32675 3269s 32 7'5 


32736 32756 


32777 32797 32818 


4 


-'3 


3^838 


32858 32879 32899 3J919 


32940 32960 


32980 SSOOl 33021 


6 


■ 14 


33041 


33062 3308a -33 102 33122 


33 "43 33163 


33183 33203 33224 


8 


2-I5 


•33*44 


■33 264 33 284 -33 304 .33 32s 


■33 345 -33 365 


.33385 -33405 .33425 


10 


.16 


33 445 


33465-33486 33506 33526 


33546 33566 


33586 33606 33626 


12 


■'7 


33646 


33666 33686 33706 33726 


33746 33766 


33786 33806 33826 


"4 


.18 


33846 


33866 33885 33905 33925 


33 945 33965 


3398s S400S 34025 


16 


.19 


34044 


34064 34084 34104 34i!E4 


34143 34163 


34183 34203 34223 


18 


2.20 


■34242 


.34262 .34282 .34301 .34321 


■34341 -34361 


.34380.34400 .34420 


IS 




34 439 


34459 34479 34498 34518 


34 537 34 557 


34577 34596 34616 






34635 


34655 34674 34694 34713 


34 733 34 753 


34772 34792 34811 




■23 


34830 


34850 34869 34889 34908 


34928 34947 


34967 34986 »006 


6 


.24 


35025 


35044 35064 35083 35102 


35122 35141 


35160 35180 35199 


8 


2.25 


■35 218 


■35 238 .35 257 ^35 276 .35 295 


-35 315 -35 334 


35 353 -35 372 .35 392 


10 


.26 


35 4" I 


35430 35 449 35468 35488 


35507 35526 


35 545 35564 35583 




■27 


35603 


35622 35641 35660 35679 


35698 35 7"7 


35736 35 755 35 774 


'3 


.28 


35 793 


35813 35832 35851 35870 


35889 35908 


35927 35946 35965 


'5 


.29 


35984 


seoos 36021 36040 36059 


36078 36097 


36116 36135 36154 


17 


2.30 


■36 "73 


.36192 .36211 .36239 .36248 


.36267 .36286 


36305 -36324 -36342 


18 


■3" 


36361 


36380 36399 36418 36436 


36455 36474 


36493 36511 36530 




■3a 


36549 


36568 36586 36605 36624 


36642 36661 


36680 36698 36717 


4 


-33 


36736 


36754 36773 36791 36810 


36829 36847 


368,6^ 36884 36903 


5 


■34 


36922 


36940 36959 36977 36996 


87 014 37033 


37051 37070 37088 


7 


2-35 


■37 107 


-37 '25 .37 144 -37 '62 .37 181 


-37 "99 37218 


37 236 -37 254 -37 273 


9 


-36 


37291 


37310 37328 37346 37365 


37383 37401 


37420 37438 37457 




-37 


37 475 


37493 375" 37 530 37548 


37566 37585 


37603 37621 37639 


13 


■38 


37658 


37676 37694 37 7" 37731 


37 749 37767 


37785 37803 37822 


14 


■39 


37840 


37S58 37876 37894 37 912 


37931 37 949 


37967 37985 3B003 


16 


2.40 


,38021 


.38039 .38057 .38075 .38093 


.38112 .38130 


.38148 .38166 .38184 


17 


-41 


38ZOZ 


38220 38238 38256 38274 


38292 38310 


38328 38346 38364 


2 


.42 


38382 


38399 38417 3843s 38453 


3847" 38489 


38507 38525 38543 


3 


■43 


3856. 


38578 38596 38614 38632 


38650 38668 


38686 38 703 38721 


5 


■44 


38739 


38757 3877s 38792 38810 


38828 38846 


38863 38881 38899 


7 


2.45 


■38917 


■38934 .38952 -38970 -38987 


.B900S .39023 


.39041 .39058 .39076 


9 


46 


39094 


39 m 39129 39146 39164 


39 182 39 199 


39217 3923s 39252 




■47 


39270 


39287 39305 39322 39340 


39358 39 375 


39 393 39410 39428 




.48 


39445 


39463 39480 39498 39515 


39 533 39550 


39568 39585 39602 


14 


■49 


39620 


39637 39655 39672 39690 


39707 39724 


39 7*2 39 759 39777 


15 



LOGS. 5 PL. 



(■4) 



„Google 



FIVE PLACE LOGARITHMS. 



No. 


0123 


4 


5 


6 


789 


HTf. 
TAB. 




2.50 


■39 794 ■398" -39829 ■39846 


.39863 


.3988. 


.39898 


.39915 -39933 -39950 


18 


. 


■5' 


39967 39985 MOOa 40019 


40037 


40054 


40071 


40088 40 106 40123 


2 


. 


■5' 


40140 40157 40175 40192 


40209 


40226 


40243 


40261 40278 40295 


4 




■S3 


40312 403^9 40346 40364 40381 


40398 


40415 


40432 40449 40466 


5 




■54 


40483 40500 4o5«8 4053s 


40552 


40569 


40586 


40603 40620 40637 


7 




2-55 


40654 40671 40688 40705 


40722 


40739 40756 40773 40790 40807 


9 




■56 


40824 40841 40858 40875 


40892 


40909 


40926 


40943 40960 40976 






■57 


40993 41010 41027 41044 


41061 


41078 


41095 


41 III 41128 4114s 


13 




■58 


41 162 41 179 41 196 41 212 


41229 


41246 41263 


41 280 41 296 41 313 


14 




■59 


41 330 4' 347 41 363 41 380 


41397 


41414 


41430 


41447 41464 41 481 


16 




3.60 


41 497 ^41 S'4 ■41 S3> 41 547 -41 564 


41581 


41597 41614 41631 41647 


17 




.61 


41664 41 681 41697 41 714 


41731 


41747 


41764 


41780 41797 41 814 






.62 


41 830 41 847 41 863 41 880 


41896 


41913 


41929 


41946 41963 41979 


3 




■63 


41996 42012 42029 42045 


42062 


42078 


42095 


42 111 42127 42144 


5 




.64 


42160 42177 42193 42 2IO 


42226 


42243 


42259 


42275 42292 42308 


7 




2.65 


■42325 ■42 34' ^42357 '42 374 ■43390 


.42406 


42423 


42439 42455 .42472 


9 




.66 


42488 42504 42521 42537 


42553 


42570 


42586 


42602 42619 42635 






.67 


42651 42667 42684 42700 


42716 


42732 


42749 


42765 42781 42797 






.68 


42813 42830 42S46 42862 


42878 


42894 


42911 


42927 42943 42959 


14 




.69 


42975- 42991 43008 43024 


43040 


43056 


43072 


43088 43104 43120 


15 




2.70 


.43136 43152 .43 '69 43 "85 


.43201 


43217 


43 233 


.43249 .43265 .43281 


IS 




■71 


43297 43 3'3 43329 43 345 


43361 


43 377 


43 393 


43409 43425 43441 






■72 


43457 43 473 43489 43505 


43521 


43 537 


43 553 


43569 43584 43600 


3 




■73 


43616 43632 43648 43664 


43680 


43696 


43712 


43727 43 743 43 759 


5 




■74 


43 775 43791 43807 43823 


43838 


43854 


43870 


43886 43902 43917 


6 




*75 


43933 43949 43 9^5 '43 981 


43996 


.44018 


.44028 


44044 44059 44075 


8 




76 


44091 44107 44122 44138 


44154 


44170 


44185 


44201 44217 44 232 


10 




■77 


44248 44264 44279 44295 


443" 


44326 


44342 


44358 44 373 44389 






■78 


44404 44420 44436 44451 


44467 
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67504 67514 67523 


67532 


67541 67550 67560 67569 




-74 


67578 67587 


67596 67605 


67614 


67624 67633 67642 67651 67660 




4-75 


.67669 .67679 -67688 .67697 


.67706 


.67715 


■67 724 .67 733 .67 742 .67 752 




.76 


67761 67770 


67779 67788 


67797 


67806 


67S15 67825 67834 67843 




■77 


67852 67861 


67870 67879 




67897 


67906 67916 67925 67934 




■78 


67943 67952 


67961 67970 


67979 




67997 68006 68015 68024 




■79 


68034 68043 


68052 68061 


68070 


68079 


680S8 68097 68 106 68115 




480 


.68 124 .68 .33 


.68142 .68151 


.68160 


.68 169 


.68 178 ;68 187 .68 196 .68 205 




.Si 


68215 68224 


68233 68242 


68251 


68260 


68269 68278 68287 68296 




.Sz 


68305 68314 


68323 68332 


68341 


68350 


68359 68368 68377 .68386 




.83 


68395 68404 


68413 68422 


68431 


68440 


68449 68458 68467 68476 




.84 


6S4B5 68494 


68502 68 511 


68520 


68529 


68538 68547 68556 68565 




+85 


.68 574 .68 583 


,68 592 .68 601 


.68610 


.68 619 


.68 628 .68 637 .68 646 .68 655 




.S6 


68664 68673 


68681 68690 


68699 


68 70S 


68717 68726 68735 68744 




.87 


68753 68762 


68771 68780 


68789 


68797 


68806 6S815 68S24 68S33 






68842 68851 


68860 68869 


68878 


68836 


68S95 68904 68913 68922 




■89 


68931 68940 


68949 68958 


68966 


68975 


6S984 68993 690IM 69011 




490 


.69020 .69028 


.69037 .69046 


.69055 


.69064 


.69073 .69082 .69090 .69099 




.91 


69108 69117 


69 126 69 135 


69144 


69152 


69161 69170 69179 69188 




.92 


69197 69205 


69214 69223 


69232 


69241 


69249 69258 69267 69276 




■93 


69285 69294 


69302 69311 


69320 


69329 


69338 69346 69355 69364 




■94 


69373 69381 


69390 69399 69408 


69417 


69425 69434 69443 69452 




4-95 


.69461 -69469 -69478 .69487 


.69496 


.69504 ■69513 -69522 .69531 .69539 




.96 


69548 69557 


69566 69574 69583 


69592 


69601 69609 69618 69627 




■97 


69636 69644 69653 69662 


69671 


69679 


69688 69697 69705 69714 




-93 


69723 69732 


69740 69749 


69758 


69767 


69775 69784 69793 69801 




-99 


69810 69819 69827 69836 


69845 


69854 


69862 69871 69880 69 888 





(■9) 



5 PL. LOGS. 
4. 

jyGoogle 



FIVE PLACE LOGARITHMS. 





No. 





234 


5678 


9 


'^: 


70 


5.00 


.69897 .69906 .69914 .69923 .69932 


.69940 ^69949 -69958 .69966 


69975 




77 


OI 


69984 69992 


70001 70010 70018 


70027 70036 70044 70053 


70062 








70070 JO079 


70088 70096 70105 


70114 70122 70131 70140 


70.48 






■03 


70157 70165 


70174 70183 70191 


70200 70209 70217 70226 


70234 






.04 


70243 70252 


70260 7026^ 70278 


70286 70295 70303 70312 


70321 






5.05 


■703*9 ■70338 


70346 .70355 .70364 


.70372 .70381 .70389 .70398 


70406 






,06 


70415 70424 


70432 70441 70449 


70458 70467 70475 70484 


70492 






.07 


70501 70509 


70518 7052G 70535 


70544 70552 70561 70569 


70578 






.08 


70586 70595 


70603 70612 70621 


70629 70638 70646 70655 


70663 






.09 


70672 70680 


70689 70697 70706 


70714 70723 70731 70740 


70749 






5.10 


.70757 .70766 


.70 774 .70 783 -TO 791 


.70800 .70808 .70817 .70825 


70834 








70842 70851 


70859 70868 70S76 


70885 70893 70902 70910 


70919 






.12 


70927 70935 


70944 70952 70961 


70969 70978 70986 70995 


71008 






■13 


7IOI2 7<O20 


71029 71037 71046 


71054 7' 063 7' 07' 71079 


7<o88 






.14 


71096 71105 


71113 71122 71130 


71 139 71 '47 71 155 7' 164 


71172 






5-15 


.71 181 .71 189 


.71 19S .71 206 .71 214 


.71223 .71231 .71240.71248 


■71 257 






.16 


7126s 71273 


71 282 71 290 71 299 


71307 71 315 7' 324 71332 


71341 






■17 


71349 71357 


71366 71374 71383 


71 391 71399 71408 71416 


71425 






.18 


71433 7" 441 


71450 71458 71466 


71475 71483 71492 71500 


71508 






.19 


71517 71525 


71533 71542 7' 550 


71559 71567 7'57S 71584 


71592 






5.20 


.71 600 .71 609 


.71617 .71625 .71634 


.71642 .71650.71659 .71667 


■71 675 








71684 71692 


71700 71709 71717 


71725 71734 71742 7' 75° 


71759 






.31 


717&7 71775 


71 784 71 792 71 800 


71809 71817 71825 71834 


71843 






■23 


71850 71858 


71867 71875 71883 


71S92 71900 71908 71917 


71925 






.24 


71933 71941 


71950 71958 71966 


7' 975 71983 71991 71999 


7200B 






S.2S 


.72016 .72024 


.72032 .72041 .72049 


.72057 .72066 .72074 .72082 


.72090 






.26 


72099 72107 


72115 72123 72132. 


72140 72148 72156 72165 


72173 






.27 


72 181 72 189 


72198 72206 72214 


72222 72230 72239 72247 


72255 






.28 


72263 72272 


72280 72288 72296 


72304 72313 72321 72329 


72337 






■29 


72346 72354 


72362 72370 72378 


72387 72395 72403 724" 


72419 






5.30 


.72428 .72436 


.72444 .72452 .72460 


.72469 .72477 .72485 .72493 


.72 501 






•31 


72509 72518 


72526 72534 72542 


72550 72558 72567 72575 


72583 






-32 


72591 73599 


72607 72616 72624 


72632 7^640 72648 72656 72665 






■33 


72673 72681 


72689 72697 72705 


72713 72722 72730 72738 


72746 






•34 


72754 72762 


72770 72779 72787 


72795 72803 72 811 72819 


72827 






5.35 


.72835 -72843 


.72852 .72860 .72868 


.72876 .72884 .72892 .72900 


72908 






■36 


72916 72925 


72933 72941 72949 


?2 957 72965 72973 72981 


72989 






■37 


72997 73006 


73014 73022 73030 


73038 73046 73054 73062 


73070 






.38 


73078 73086 


73094 73102 73111 


73119 73127 73135 73143 


73151 






■39 


73159 73167 


73175 73183 7319' 


73199 73207 73215 73223 


73231 






5.40 


■73239 73247 


■73 255 -73 263 .73 272 


.73 280 .73 288 .73 296 .73 304 


73312 






.41 


73320 7332S 


73336 73344 73352 


73360 73368 73376 73384 


73392 






.42 


73400 73408 


734'6 73424 73432 


73440 73448 73456 73464 


73472 






■43 


734S0 73488 


73496 73504 73512 


73520 73528 73536 73S44 


73552 






■44 


73560 73568 


73576 73584 73 592 


73600 73608 73616 73624 


73632 






54S 


.73 640 .73 648 


■73 656 .73 664 .73 672 


■73679 73687 .73695 ■73703 


■73711 




70 


.46 


73719 73727 


73 735 73 743 73 751 


73 759 73767 73 775 73 783 


73 79" 




77 


■47 


73 799 73807 


73815 73823 73830 


73838 73846 73854 73862 


73870 






.48 


73878 73886 


73894 73902 73910 


73918 73926 73933 73941 


73 949 


6 




■49 


73957 73965 


73973 73981 73989 


73997 7400S 74013 74020 


74028 


6 



LOOS. 6 PL. 
8. 



C~) 



„Googlc 



FIVE PLACE LOGARITHMS. 5, 

a PL. LOOS. 



No. 


01234 


56789 


NTP 

TAB 




5.50 

■5" 


.74036 .74044 .74052 ■74"?*' 74068 
74115 74123 74131 74139 74147 


.74076 .74084 .74092 .74099 .74107 
7415s 74 '62 74170 74 '78 74«86 




. 


.52 


74194 74Z02 74aio 74 2[8 74825 


74233 74241 74249 74257 74*65 






■53 


74273 74280 74288 74296 74304 


743'2 74320 74327 74 335 74343 






■54 


74 35' 74359 74 3^7 74 374 74 382 


74390 74398 74406 74414 74421 






S-55 


.74429 .74437 ^74 445 -74 453 -74461 


.74468 -74476 .74484 .74492 .74500 






.56 


74507 745'5 74523 7453' 74539 


74 547 74 554 74562 74 570 74 578 






-57 


74586 7459:3 74601 74609 74617 


74624 74632 74640 74648 74656 






.58 


74663 74671 74679 74687 74695 


74702 74710 74 7'8 74726 74 733 






■59 


74741 74 749 74757 74764 74772 


74780 74788 74796 74803 748'! 






6.60 


.74819 .74827 .74834 .74842 .74850 


.74858 .74865 .74873 .74881 .74889 






.61 


74896 7490^ 74912 74920 74927 


74 935 74943 74 95° 74 95^ 74 966 






.62 


74974 74981 74989 74997 7B00S 


75012 75020 750Z8 75035 75043 






-63 


75051 75059 75066 75074 75082 


75089 75097 75 '05 75113 75120 






.64 


75128 75136 75143 75 151 75 '59 


7SJ66 75174 75 '82 75 '89 75^97 






5-65 


.75 205 .75 213 .75 220 .75 228 .75 336 


■75 243 ^75 251 .75 259 -75 266 .75 274 






.66 


75 282 75 289 75 297 75 305 75 312 


75 320 75328 75335 75 343 75 35^ 






.67 


75358 75366 75 374 75381 75389 


75 397 75404 75 4'2 75 420 75427 






.68 


75 435 75442 75 45° 75 458 75 4^5 


75 473 7548' 75488 75496 75504 






.69 


75 5" 7S5'9 75526 75534 75542 


75 549 75 557 75 565 75 572 75 580 






5.70 


■75587 -75 595 -75603 .75610 .75618 


•75 626 .75 633 .75 641 .75 648 .75 656 






■7« 


75664 75671 75679 75686 75694 


75702 75709 75717 75724 75732 






.72 


75 740 75 747 75 755 75 762 75 77° 


75778 75785 75793 75800 75808 






-73 


75815 75823 75831 75838 75846 


75853 75861 75868 75876 75884 






-74 


75891 75899 75906 75914 75921 


75929 75 937 75 944 75 952 75959 






5.75 


-75 967 -75 974 -75 9S2 .75 989 -75 997 


.7S006 .76012 .76020 .76027 .76035 






.76 


76042 76050 76057 76065 76072 


76080 76087 76095 76103 76110 






•77 


76118 76125 76133 76140 76148 


76155 76163 76170 76178 76185 






■78 


76193 76200 76208 76215 76223 


76230 76238 76245 76253 76260 






■79 


76 268 76 27s 76 283 76 290 76 298 


76305 76313 76320 76328 76335 






5.80 


.76343 .76350 76358 .76365 .76373 


.76380 .76388 .76395 .76403 .76410 






.81 


76418 76425 76433 76440 76448 


76455 76462 76470 76477 76485 






.82 


76492 76500 76507 76515 76522 


76530 76537 76545 76552 76559 






•83 


76567 76574 76582 76589 76597 


76604 76612 76619 76626 76634 






.84 


76641 76649 76656 76664 76671 


76678 76686 76693 76701 76708 






s^ss 


.76716 .76723 .76730 .76738 .76745 


.76 753 .76 760 .76 768 .76 775 .76 782 






.86 


76790 76797 76805 76812 76819 


76827 76834 76842 76849 76856 






.87 


76864 76871 76879 76886 76893 


76901 76908 76916 76923 76930 






.88 


76938 76945 76953 76960 76967 


76975 76982 76989 76997 77 OM 






.89 


77012 77019 77o?6 77034 77041 


77048 77056 77063 77070 77078 






3.90 


.77085 .77093 .77100.77107 .77115 


.77122 .77129 .77137 ■77144 ■7715' 






.91 


77159 77166 77173 77181 77188 


77195 77203 77210 77217 77225 






.92 


77232 77240 77247 77254 77262 


77269 77276 77283 77291 77298 






-93 


77305 77313 77320 77327 77335 


77342 77349 77357 77364 77371 






■94 


77 379 77386 77393 77401 77408 


77415 77422 77430 77437 77444 






5^9S 


■7745* -77 459 -77 466 .77 474 .77 481 


.77488 .77495 -77503 .77510 .77517 






.96 


77525 77532 77 539 77546 77 554 


77561 77568 77576 77583 77S90 




.T 


-97 


77 597 77605 77612 77619 77627 


77634 77641 7764a 77656 77663 




■T 


.98 


77670 77677 776S5 77692 77699 


77706 77714 77721 77728 77735 


6 




-99 


77 743 77750 77757 77764 77772 


77779 77786 77793 77801 77808 


6 





(»■) 



6 PL. LOOS. 
6. 

!d, Google 



LOQS. 6 PL. 



FIVE PLACE LOGARITHMS. 



No. 


01234 


56789 


TAB. 


6.00 


.77815 .77822 .77830 .77837 77844 


.77851 .77859 .77866 .77873 .77880 






77887 77895 7790Z 77909 77916 


77924 77931 77938 77945 77952 




.oa 


77960 77967 77 974 77981 77988 


77996 T8008 78010 78017 78025 




■oi 


78032 78039 78046 78053 78061 


78068 7807s 78082 78089 78097 




■<H 


78104 78'" 78 118 78«25 78132 


78 140 78 147 78 "54 78 161 78 168 




6.05 


.78 176 .78 '83 .78 190 .78 197 -78 204 


.78211 .78219 .78226 .78233 .78240 




.06 


78247 78254 78262 78269 78276 


78283 78290 78297 78305 783'2 




■07 


78319 78326 78333 78340 78347 


78355 78362 78369 78376 78383 




.08 


7S390 78398 78405 784'2 78419 


78426 78433 78440 78447 78455 




■^ 


78462 78469 78476 78483 78490 


78497 78504 78512 78519 78526 




6.10 


.78533 .78540 .78547 -78554 -7856" 


.78569 .78576 .78583 .78590 -78597 






78604 78 61 1 78618 78625 78633 


78640 78647 78654 78661 78668 






78675 78682 78689 78696 78704 


78 711 78718 78725 78732 78739 




->3 


78746 78753 78760 78767 78774 


78781 78789 78796 78803 78810 




.14 


78817 78824 78831 78838 78845 


78852 78859 78866 78873 78880 




6.15 


.78 888 .78895 .78902 .78909 .78916 


.78923 .78930 .78937 -78944 ■73951 




.16 


78958 78965 78972 78979 78986 


78993 79000 79007 79014 7902I 




•■7 


79029 79036 79043 79050 79057 


79064 79071 79078 79085 7909a 




,18 


79099 79106 79 113 79120 79127 


79134 79 '4' 79148 79 '55 79 '62 




.19 


79169 79176 79183 79190 79197 


79204 79211 792'8 79225 79232 




6.20 


.79 239 .79 246 .79 m -n afe .79 267 


■79 274 -79 281 .79 288 .79 29s .79 302 






79309 79 3'6 79323 79330 79337 


79344 79 35' 79 358 79365 79372 






79 379 79386 79393 79400 79407 


79414 79421 79428 79435 79442 




.23 


79449 79456 79463 79470 79477 


79484 7949" 79498 79505 79511 




.24 


79 5'8 79525 79532 79 539 79 546 


79553 79560 79567 79 574 79 581 




6.25 


■79588 .79595 79602 .79609 .79616 


79623 .79630 .79637 .79644 .79650 




.26 


79657 79664 79671 79678 79685 


79692 79699 79706 797'3 79720 




■27 


79727 79 734 79741 79748 79 754 


7'9 76i 79768 79775 79782 79789 




.28 


79796 79803 79810 79817 79824 


79831 79837 79844 79851 79858 




■29 


79865 79872 79879 79886 79893 


79900 79906 79913 79920 79927 




6.30 


■79934 ^79941 .79948 .79 955 -79962 


.79969 .79975 -79982 .79989 -79996 




-3» 


BO003 80010 80017 80,024 S0030 


80037 80044 80051 80058 80065 




■32 


80072 80079 80085 80092 80099 


80106 80113 80120 80127 80134 




■33 


80140 80147 80154 80161 80168 


80175 80182 801S8 80195 80202 




■34 


80209 80 116 80223 80229 80236 


80243 80250 80257 80264 80271 




6.35 


.80277 .80284 .80291 .80298 .80305 


.80312 .80318 .80325 .80332 .80339 




-36 


80346 80353 80359 80366 80373 


80380 80387 80393 80400 80407 




-37 


S0414 80421 80428 80434 80441 


80448 80455 80462 80468 80475 




■38 


80482 80489 80496 80502 80509 


80516 80523 80530 80536 80543 




■39 


80550 80557 80564 80570 80577 


80584 80591 80598 80604 80611 




6.40 


.80618 .80625 .80632 .80638 .80645 


.80652 .80659 .80665 .80672 .80679 




.41 


80686 80693 80699 80706 80713 


80 720 80 726 8d 733 80 740 80 747 




■42 


80754 80760 80767 80774 80781 


80787 80794 80801 80808 80814 




-43 


80821 80828 80835 80841 80848 


80855 S0862 80868 80875 80882 




■44 


80889 8089s 80902 80909 80916 


80922 80929 80936 80943 80949 




6.45 


.80956 .80963 .80969 .80976 .80983 


.80990 .80996 .B1003 .Si 010 .81017 




46 


81023 81030 81037 81043 81050 


81057 81064 81070 81077 81084 




■47 


81090 81097 81104 81 III 81117 


81 124 81 131 81 137 81 144 81 151 




48 


81158 81164 81 171 81 178 81184 


81191 81198 81204 81211 81 218 




■49 


Si 224 81 231 81 238 81 245 81 251 


81258 81265 81271 81278 81285 





LOGS. 5 PL. 
6. 



(") 



jyGoogle 



FIVE PLACE LOGARITHMS. 



6 PL. LOGS. 



No. 


01234 


56789 


(NTP 
TAB 




6.50 

-5' 


.81 291 .81 298 .81 305 .81 311 .81 318 
81358 81365 8.371 81378 8.385 


.81325 .8133' .81338 .81345 .81351 
81391 Si 39S 81405 81 41' 81418 


6 


.' 


-5* 


81425 8143' 81438 81445 8' 45' 


81458 81465 Si 471 81478 81485 






■53 


81491 81498 81505 81511 81518 


81525 81531 81538 81544 81551 






■54 


81 558 81 564 8. 571 81 578 8. 584 


81 591 81598 81604 81 61 1 81 617 






6-55 


.81 624 .81 631 .81 637 .81 644 .81 651 


.81657 -81664 -8167. ,8.677 ■81684 






.56 


81690 81697 81704 81710 81717 


81 723 81 730 81 737 8. 743 81 750 






-57 


81757 81763 81770 81775 81783 


81790 81796 8.803 8(809 81816 






.58 


81S23 81829 81836 81842 81S49 


81856 81862 8.869 81875 81882 






■59 


81889 8189s 81902 81908 81 915 


8. 921 8j 9z8 8i 935 81 941 81 948 






6.60 


.81 954 .81 961 .81 963 .81 974 .81 981 


,81987 .81994 .S2000 ,82007 ,82014 






.61 


820ZO 82 027 82033 82040 82046 


82 053 82060 82066 82073 82079 






,62 


82086 82092 82099 8210; 82112 


82119 82.25 82132 82138 82145 






.63 


82151 82158 82164 82171 82i;S 


82184 82191 82197 82204 82210 






.64 


82217 82223 82230 82236 82243 


82249 82256 82263 82269 82276 






6.65 


.82 282 .82 289 .82 295 .82 302 .82 308 


.82315 ,82321 .82328 .82334 .82341 






.66 


82347 82354 82360 82367 82373 


82380 82387 82393 82400 82406 






.67 


82413 82419 82426 82432 82439 


82445 82452 82458 82465 82471 






.6S 


82478 82484 82491 82497 82504 


82510 82517 82523 82530 82536 






.69 


82543 82549 82556 82562 81569 


82575 82582 82588 82595 82601 






6.70 
■7' 

■72 


.82607 .82614 .82620 .82627 .82633 
82672 82679 82685 82692 82 698 
82737 82743 82750 82756 82763 


.82 640 ,82 646 .82 653 ,82 659 .82 666 
82705 82711 82718 82724 82730 
82769 82776 82782 82789 82795 






■73 


82802 82808 82814 82821 82827 


82834 82840 82847 82853 82860 






■74 


82866 82872 82879 82885 82892 


82898 82905 82911 S29.8 S2924 






6.7s 


,82930 .82937 .82943 -82950 -82956 


.82 963 .82 969 .82 975 .82 982 .82 988 






.75 


82995 83 001 83008 83014 83020 


83027 83033 83040 83046 83052 






■77 


83059 83065 83072 83078 83085 


83091 83097 83104 83110 83117 






.78 


83123 83129 83136 83142 83149 


83155 83161 83168 83174 83 181 






■79 


83187 83193 83200 83206 83213 


83219 83225 83232 83238 83245 






6.80 


.83251 .83257 .83264 .83270 ,83276 


.83 283 .83 289 ,83 296 .83 302 ,83 30S 






.81 


83315 83321 83327 83334 83340 


83347 83353 83359 83366 83372 






.83 


83378 833B5 83391 83398 83404 


83410 83417 83423 83429 83436 






.83 


83442 83448 8345s 83461 83467 


83474 83480 834S7 83493 83499 






.84 


83506 S3S.2 83518 83525 83531 


83537 83544 83550 83556 83563 






6.85 


.83569 -83575 .83582 .83588 .83594 


.83601 .83607 ,836.3 .83620 ,83626 






.86 


83632 83639 83645 83651 83658 


83664 S3670 83677 83683 83689 






.87 


83696 83702 83708 83715 83721 


83 727 83 734 83 740 83 746 83 753 






,88 


83759 83765 83771 83778 83784 


83790 83797 83803 83809 83816 






,89 


83822 83828 83835 83841 83847 


83853 83860 83866 83872 83879 






6.90 

■91 


.83885 .83891 .83897 .83904 .83910 
83948 83954 83960 83967 83973 


.83916 .83923 ,83929 .83935 .83942 
83979 83985 83992 83998 84004 






.92 


84011 84017 84023 84029 84036 


84042 84048 84055 84061 84067 






■93 


84073 840S0 84086 84092 84098 


84105 84 III 84 117 84123 84130 






-94 


84136 84142 84 148 84155 8416. 


84167 84173 84180 84 186 84192 






6.95 


.84198 .8420s .84211 .84217 .84223 


.84 230 .84 236 ,84 242 .84 248 ,84 255 






.96 


84261 84267 84273 84280 84286 


84292 84298 84305 843" 84317 






•97 


84323 84330 84336 84342 84348 


84354 84361 84367 84373 84379 




. 


.98 


84386 84392 84398 84404 84410 


S4417 84423 84429 84435 84442 






.99 


84448 84454 84460 84466 84473 


84479 84485 84491 84497 84504 







jyGoogle 



7. 
LOGS. 6 PL. 



FIVE PLACE LOGARITHMS. 



No. 


1 3 3 4 


s 


6789 


TAB. 


7.00 


.84510 .84516 ■84 5" -84528 .84535 


■84541 


■84 547 -84 553 -84 559 ^84 5*6 




.OI 


8457* 84578 84584 84590 84597 


84603 


84609 84615 84621 84628 






84634 84640 84646 84652 84658 


8466s 


S4671 84677 84683 84689 




■03 


84696 84702 84708 84714 84720 


84726 84733 84739 84745 8475' 




X14 


84757 84763 84770 84776 84782 


84788 


84794 84800 84807 84813 






.SdSiQ 8d SzE 8j.Sti .SdSiT SaSh 


.84 850 


.84 8i:6 .84862 .84868 84874 




xj6 


84880 84887 84893 84899 8490s 


849" 


84917 84924 84930 84936 


■07 


84942 84948 84954 84960 84967 


84973 84979 84985 84991 84997 




.08 


U 003 85009 85016 85022 8502S 


85034 


85040 85046 85052 85058 




■09 


85065 85071 85077 850S3 85089 


85095 


85 101 85107 85114 85120 




7.10 


.85 126 .85 132 .85 138 .85 144 .85 150 


-85 .56 


.85163 .85169 .85175 .85181 






85187 85193 85199 85205 85 2U 


85217 


85224 85230 85236 85242 




.12 


85 248 85 254 85 260 85 266 85 27J 


85278 


85285 85291 85297 85303 




■13 


85309 85315 85321 85327 85333 


85339 


85345 85352 85358 85364 




.14 


85370 85376 85382 85388 85394 


85400 


85406 85 4'2 85418 85425 




7-'S 


.85431 .85437 -85443 -85449 .85455 


.85461 


.85 467 .85 473 -85 479 .85 485 




.16 


85491 85497 85503 85509 85516 


85522 


85528 85534 85540 85546 




■'7 


85552 85558 85564 85570 85576 


85582 


85588 85594 85600 85606 




.18 


85612 85618 856*5 85631 85637 


85643 


85649 85655 85661 85667 




.19 


85673 85679 85685 85691 85697 


85703 


85709 85715 85721 85727 




7.20 


-8S 733 -85 739 ^85 74S .85 75' -85 757 


-85 763 


85 769 .85 775 ■SS 781 .85 788 






85794 85800 85806 85812 85818 


85824 


85830 85836 85842 85848 






85854 85860 85866 85872 85878 


85884 85890 85896 85902 85908 




■23 


85914 85920 85926 85932 85938 


85944 


85950 85956 85962 85968 




,24 


85974 85980 85986 85992 85998 


HOCH 


86010 86016 86022 86028 




7.2s 


.86034 -86040 .86046 .86052 .86058 


.86064 


.86070 .86076 .86082 .86088 




.26 


86094 86100 S6106 361IZ 8611S 


86 124 


86130 86136 86141 86147 




.27 


86153 86159 86165 86171 86177 


86183 


86189 86195 86201 86207 




.2S 


86213 86219 86225 8623. 86237 


86243 


86249 86255 86261 86267 




.29 


S6273 S6279 86285 86291 86297 


86303 


86308 86314 86320 86326 




7.30 


.86332.86338.86344.86350.86356 


.86362 


.86368 .86374 .86380 .86386 




-31 


86392 86398 86404 86410 S6415 


86421 


86427 86433 86439 86445 




■31 


86451 86457 86463 86469 86475 


86481 


86487 86493 86499 86504 




■33 


86510 86516 86522 86528 86534 


86540 


86546 86 551 86558 86564 




■34 


86570 86576 86581 86587 86593 


86599 


86605 86 611 86 617 86623 




7-35 


-86629 ^86635 .86641 .86646 .86652 


36658 


.86664 .86670 .86676 .86682 




■36 


86688 86694 86700 86705 86711 


86717 


86723 86729 86735 86741 




■37 


86747 86 7S3 86759 86764 86770 


86776 


86782 86788 86794 86800 




■38 


86S06 86812 86817 86823 86829 


86835 


86841 86847 86853 86859 




■39 


86864 86870 86876 86882 86888 


86894 


86900 86906 86911 86917 




7.40 


.86923 .86929 .86935 -86941 -86947 


-86953 


,86958 .86964 .86970 .86976 




■41 


86982 86988 86994 86999 woos 


87011 


870J7 87023 87029 87035 




.42 


87040 87046 87052 87 058 87 064 


87070 


87075 87081 87087 87093 




-43 


87099 87105 87111 87 116 87122 


87.28 


87134 87140 87146 87151 




44 


87157 87163 87169 87175 87181 


87186 


87192 87198 87204 87210 




7-45 


.87216 .87221 .87227 ,87233 .87239 


-87245 


.87 251 J7 256 .87 162 .87 268 




46 


87274 87280 87286 87291 .87297 


87303 87309 87315 87320 87326 




•47 


87332 87338 87344 87349 87355 


87361 


87367 87373 87379 87384 




.48 


87390 87396 87402 87408 87413 


87419 


87425 87431 87437 87442 




-49 


87448 87454 87460 87466 87471 


87477 


87483 87489 87495 87500 





LOGS. 6 PL. 



jiGoogIc 



FIVE PLACE LOGARITHMS. 



No. 


I 


234 


S 6 


789 


^aV 




7.50 


.87506 .87512 


.87518 .87523 .87529 


-87 535 87 S4I 


■87 547 87 552 .37 558 




. 


■5' 


87564 87570 87576 87581 87587 


87593 87599 


87604 87610 87616 




. 


■52 


87622 87628 


87633 87639 87645 


87651 87656 


87662 87668 87674 






■S3 


87679 87685 


87691 87697 87703 


87708 87714 


87720 87726 87731 






■54 


87737 87743 


87749 87754 87760 


87766 87772 


87777 87783 87789 






7^55 


.87 795 -87 800 


.87806 ,87812 .87818 


,87823.87829 


.87835 .87841 .87846 






.56 


87852 87858 


87864 87869 87 875 


87881 87887 


87892 87898 87904 






■57 


87910 87915 


87921 87927 87933 


87938 87944 


87950 87955 87961 






■58 


87967 87 973 


87978 87984 87990 


87996 UOOl 


88007 88013 8801S 






■59 


88024 88030 


88036 88041 88047 


88053 88058 88064 88070 88076 






7.60 


.88081 .88087 


.88093 .88098 .88104 


.88110 .88 116 


.88121 .88127 -88133 






,61 


88138 88144 


88150 88156 88161 


88167 88173 


88178 88184 88190 






.62 


88195 88201 


88207 88213 88218 


88224 88230 


88235 88241 88247 






.63 


88252 88258 


88264 88270 88275 


88281 88287 


88292 88298 88304 






-64 


88309 88315 


88321 88326 8833a 


88338 88343 


88349 88355 88360 






7.6s 


.88366 .88372 


.88377.88383-88389 


.88395 -88400 


,88406 .88412 ,88417 






.66 


88423 88429 


8843.4 88440 88446 


88451 88457 


88 463 88468 88474 






.67 


88480 S8485 


88491 88497 88502 


88508 88513 


88519 88525 88530 






.68 


88536 88542 


88547 88553 88559 


88564 88570 


88 576 88581 88587 






.69 


88593 88598 


S8604 S36IO 8S615 


88621 88627 


88632 88638 88643 






7.70 


.88 &,9 .88655 


.88660 ,88666.88672 


.88677 -88683 


.88689 .88694 .88700 






■71 


88705 887" 


88717 88722 88728 


88 734 88739 


88745 88750 88756 






.72 


88762 88767 


88773 88779 88784 


88790 88795 


88801 88807 S8812 






■73 


88818 88824 


88829 88835 88S40 


88S46 88852 


88857 88863 88 868 






■74 


S8874 88S80 


88885 8889. 88897 


88902 88908 


88913 88919 88925 






7-75 


.88930 .88936 


.88941 .88947 -88953 


.88958.88964 


.88969 .88975 -88981 






.76 


889S6 88 992 


88997 8»«B 89009 


89014 89020 


89025 89031 89037 






■77 


89042 89048 


89053 89059 89064 


89070 89 076 89081 89087 89092 






.78 


89098 89104 


89109 89 115 89120 


89126 8913' 


89137 89143 89148 






■79 


89154 89159 


89165 89170 89176 


89 182 89 187 


89193 89198 89204 






7.80 


.89209 .89215 .89221 .89126 .89232 


.89 237 .89 243 


.89 248 ,89 254 .89 260 






,81 


89265 89271 


89276 89282 89287 


89293 89298 89304 89310 89 315 








89321 89326 


89332 89337 89343 


89348 89354 


89360 89365 8937" 






-33 


8^376 89382 


89387 89393 89398 


89404 89409 


89415 89421 89426 






.84 


89432 89437 


89443 89448 89454 


89459 8946s 


89470 89476 89481 






7.8s 


.89487 .89492 


,89498 .89504 .89509 


.89515 .89520 


.89526 .89531 ■89537- 






.86 


89542 89548 89553 89559 89564 


89570 89575 


89581 89586 89592 






.87 


89597 89603 89609 89614 89620 


89625 89631 


89636 89642 89647 






.88 


89653 89658 89664 89669 89675 


89680 89686 


89691 89697 89702 






.89 


89708 89713 


89719 89724 89730 


89735 8974" 


89746 89752 89757 






7.90 


.89 763 .89 768 


-89 774 .89 779 -89 785 


■89 790 .89 796 


.89801 ,89807 .89812 






-91 


89818 89823 


89829 89834 89840 


89845 89851 


89856 89862 89 867 






.92 


89873 89878 


89883 89889 89894 


89900 89905 


89911 89916 89922 






■92 


89927 89933 


89938 89944 89949 


89955 89960 


89 966 89971 89 977 






-94 


89982 899S8 


89993 89998 oooot 


90009 90015 


90020 90026 90031 






7-95 


.90037 .90042 


.9004S .90053 .90059 


.90064 .90069 


.90075 .90080 .90086 






.96 


90091 90097 


90102 90108 90113 


90 119 90124 


90129 90135 90140 




■1 


.97 


90146 90151 


90157 90162 90168 


90173 90179 


90184 90189 90195 




.9 


.98 




90211 90217 90222 


90227 90233 


90238 90244 90249 






■99 


90255 90260 


90266 90271 90276 


90282 90287 


90293 90298 90304 







(»s) 



jyGoogle 



LOGS. 6 PL. 



FIVE PLACE LOGARITHMS. 



No. 


I 


2 


3 


4 


5 


6 


7 


8 


9 


't^*: 


8.00 


■90309 ■90 3«4 .90320 


■90325 


■90331 


■90336 


■90342 


.90347 


.90352 ■go 358 




.01 


90363 90369 


90374 


90380 


90385 


90390 


90396 


90401 


90407 


90412 




.02 


90 4'7 90423 


90428 


90434 


90439 


90445 


90450 


90455 


90461 


90+66 




.03 


90472 90477 


90482 


90488 


90493 


90499 


90504 


90509 


90515 


90520 




.04 


90526 90531 


90536 


90542 


90547 


90553 


90558 


90563 


90569 


90574 




8.05 


.90 580 .90 585 


.90590 


.90596 


.90601 


.90607 


.90612 


.90617 


.90623 


.90628 




.06 


90634 90639 


90644 90650 90655 


90660 


90666 


90671 


90677 


90682 




■07 


90687 90693 


90698 


90703 


90709 


90714 


90720 


90725 


90730 


90736 




.08 


90741 90747 


90752 


90757 


90763 


90768 


90773 


90779 


90784 90789 




■°9 


90795 90800 


90806 


90 8u 


90816 


90S22 


90827 


90832 90838 90843 




8.10 


.90849 90854 .90859 .90865 


.90870 


■90875 


.90881 


.90886 


,90891 


.90897 






90902 90907 


90913 


90918 


90924 


90929 


90934 


90940 


90945 


90950 




.la 


90956 90961 


90966 


90972 


90977 


90982 


90988 


90993 


90998 


91 OM 




■'3 


91009 91 014 


91020 


91025 


91030 


91036 


91041 


91046 


91052 


91057 




.14 


91062 91068 


91073 


91078 


91084 


91089 


91094 


91 100 


91 105 


91 no 




B..5 


.91 116 .91 III 


.91 iz6 


.91 132 


.91 137 


.91 142 


.91 148 


-91 153 


■91 '58 


.91164 




.16 


91 169 91 174 


91 180 


91185 


91190 


91 196 


91201 




91212 


91217 




■17 


91 2ZZ 91 Z28 


9' 233 


91238 


9' 243 


91249 


91254 


91259 


91265 


91270 




.18 


91 175 91 281 


91286 


91291 


91297 


91302 


91307 


91312 


913.8 


9'' 323 




■19 


91318 91334 


91339 


91344 


91350 


91355 


91 360 91 365 


91371 


91376 




&20 


.91 381 .91 387 


.91392 


■91 397 


.91 402 


.91408 


■91413 


.91418 


■91 424 


■91429 






91434 91440 


91445 


91450 


91455 


91461 


91466 


91471 


9' 477 


91482 






91487 91492 


91498 


91503 


91508 


91 514 


91519 


91524 


91529 


91535 




■23 


91 540 91 545 


91 55' 


91 556 9' 561 


91566 


91572 


91577 


91582 


91587 




.24 


9>593 91598 


91603 


91609 91614 


91619 91624 91630 91635 


91640 




8.25 


.91645 .91651 


.9' 656 


.91661 


,91666 


.91 672 


■91 677 


.91682 


,91687 


.91693 




.26 


91698 9' 703 


91709 


91714 


91719 


91724 


91730 


91735 


91740 


91745 




.ZJ 


91 751 91 756 


91761 


91766 


91772 


91777 


91782 


91787 


91793 


91798 




.zS 


91 803 91 808 


91814 


91819 


91824 


91829 


91834 


91840 


91845 


91850 




.29 


91 855 91 S61 


91 866 


9.871 


91876 


91882 


91887 


91S92 


91897 


91903 




8J0 


■91908 .91913 


.91918 


.91924 


.91929 


■91 934 


,91 939 


-91944 


■91 950 


■91 955 




■3' 


91960 91965 


91971 


91 976 91 981 


91986 


91991 


91997 


OT008 


92007 




■32 


92012 92018 


92023 


92028 


92033 


92038 


9204+ 


92 049 


92054 


92059 




■33 


92065 92070 


92075 


92080 


92085 


92091 


92096 


92IOI 


92106 


92111 




■34 


92117 92122 


92127 


92132 


92137 


92143 


92148 


92,153 


92158 


92163 




8.35 


.92 169 .92 174 


.92 179 


-92 184 


.92189 


.92 195 


.92300 


.92205 


.92 210 


.92215 




.36 


92221 92226 


92231 


92236 


92241 


92247 


92252 


92257 


92262 


92267 




■37 


92273 92278 


92283 


92288 


92293 


92298 


92304 


92309 


92314 


92319 




■38 


92324 92330 


92335 


92340 


92345 


92350 


92355 


92361 


92366 


92371 




■39 


92376 92381 


92387 


92392 


92397 


92402 


92407 


92412 


92418 


92423 




8.40 


.92428 .92433 


-92438 


92443 


,92449 


.92454 


■92459 


.92464 


,92469 


■92474 




41 


92480 92485 


92490 


92495 


92500 


92505 


92511 


92516 


92521 


92526 




.42 


92531 92536 


92542 


92547 


92552 


9255? 


92562 


92567 


92572 


92578 




■43 


92583 92588 


92593 


92598 92603 


92609 


92614 


92619 


92 624 92 629 




-44 


92634 92639 


92645 


92650 92655 


92660 


92665 


92670 


92675 


92681 




8.45 


.92686 .92691 


92696 


92701 


.92706 


.927" 


.92716 


.92722 


■92 727 


■92 732 




46 


92737 92742 


92747 


92752 


92758 


92763 


92768 


92773 


92778 92783 




■47 


92788 92793 


92799 


92804 


92809 


92814 


92819 


92824 


92829 


92834 




.48 


92840 92845 


92850 


92855 


92860 


92865 


92870 92875 


92881 


92886 




49 


92 891 92 896 


92901 


92906 


92 91 1 


92.916 


92921 


92927 


92932 


92937 





LOOS. S PL. 
8. 



(.'» 



„Google 



FIVE PLACE LOGARITHMS. 



6 PL. LOOS. 



No. 





I 


2 


3 


4 


5 


6 


7 


8 


9 


TAB.' 




8.50 


.92942 


-92947 


■92952 


■92957 


.92962 


■92967 


■92973 


.92978 


■92 983 


.92988 




. 


■S' 


91993 


92998 


esoos 


93008 


93013 


93018 


93024 


93029 


93034 


93039 




. 


.52 


93044 


93049 


93054 


93059 


93064 


93069 


93075 


93080 


93085 


93090 






•53 


93095 


93100 


93105 


93.10 


93 "5 


93 '20 


93 '25 


93131 


93136 


93 '41 






■54 


93 '46 


9315' 


93 '56 


93161 


93166 


93 '7' 


93176 


93181 


93 '86 


93192 






8-55 


■93 '97 


■93202 


.93207 


.93 212 


■93217 


■93 222 


.93 227 


■93 232 


■93 237 


■93242 






.56 


93247 


93252 


93258 


93263 


93268 


93273 


93278 


93283 


9328S 


93293 






•57 


93298 


93303 


93308 


93313 


93 3' 8 


93323 


93328 


93 334 


93 339 


93 344 






.58 


93 349 


93 354 


93359 


93364 


93369 


93 374 


93379 


93384 


93389 


93 394 






■59 


93 399 


93404 


93409 


93414 


93420 


93425 


93430 


93435 


93440 


93445 






8.60 


■93450 


■93 455 


.93460 


■93465 


■93470 


■93475 


.93480 


■93485 


■93490 


■93495 






.61 


93500 


93505 


93510 


93515 


93520 


93526 93531 


93536 


93541 


93546 






.62 


93 55' 


93556 


93561 


93566 


93 57' 


93576 


93581 


93586 


93 59' 


93596 






■63 


93601 


93606 


93 6u 


93616 


93621 




93631 


93636 


93641 


93646 






.64 


93651 


93656 


9366. 


93666 


93671 


93676 


93682 


93687 


93692 


93697 






8-65 


■93 702 


■93707 


■93 7'2 


■93717 


■93 722 


■93 727 


.93 732 


■93 737 


■93 742 


■93 747 






.66 


93 75= 


93 757 


93762 


93767 


93772 


93 777 


93782 


93787 


93792 


93 797 






.67 


93802 


93807 


93812 


93817 


93822 


93827 


93832 


93837 


93842 


93847 






,68 


93852 


93857 


93862 


93867 


93872 


93877 


93882 


93887 93892 


93897 






.69 


93902 


93907 


93912 


93917 


93922 


93927 


93932 


93 937 


93942 


93947 


5 




8.70 


•93952 


■93957 


.93962 


■93967 


■93972 


■93 977 


■93982 


■93987 


.93992 


■93997 






■7' 


Hooa 


94007 


940I2 


94017 


94022 


94027 


94032 


94037 


94042 


94047 






■72 


94052 


94057 


94062 


94067 


94072 


94077 


94082 


94086 


94091 


94096 






■73 


94101 


94106 


94111 


94 "6 


94121 


94126 


9413" 


94136 


94141 


94146 






■74 


94 151 


94156 


94 161 


94166 


94171 


94176 


94181 


94186 


94 191 


94196 






8.7s 


.94201 


.94106 


■94 211 


.94216 


.94 221 


.94 226 


■94231 


-94236 


■94240 


■94245 






.76 


94250 


94*55 


94260 


94265 


94270 


94275 


94280 


94285 


94290 


94295 






■77 


94300 


94305 


943'° 


94315 


94320 


94325 


94330 


94 335 


94340 


94 345 






.78 


94349 


94 354 


94 359 


94364 


94369 


94 374 


94379 


94384 


94389 


94 394 






■79 


94399 


94404 


94409 


94414 


94419 


94424 


94429 


94 433 


94438 


94 443 






8.80 


.94448 


■94 453 


-94458 .94463 


.94468 


■94473 


.94478 


.94483 .94488 


-94 493 






.81 


94498 


94503 


94507 


945'2 


94517 


94522 


94527 


94532 


94 537 


94 542 






.8z 


94 547 


94 552 


94 557 


94562 


94567 


94571 


94576 94581 


94586 


94591 






-83 


94596 


94601 


94606 


94611 


94616 


94621 


94626 


94630 


94635 


94640 






.84 


94645 


94650 


94655 


94660 


9+665 


94670 


94675 


94680 


94685 


94689 






8,85 


-94694 


-94699 


■94704 


.94709 fl4 7H 


-94 7 '9 


-94724 


.94729 


■94 734 


-94738 






.86 


94 743 


94748 


94 753 


94758 


94763 


94768 


94 773 


94778 


94783 


94787 






■87 


94792 


94 797 


94802 


94807 


94812 


94817 


94822 


94827 


94832 


94835 








94841 


94846 


94851 


94856 


94861 


94866 


94871 


94876 


94880 


94885 






^89 


94890 


94895 


94900 


94905 


94910 


949'5 


94 9'9 


94924 


94929 


94 934 






8.90 


-94939 


■94944 


■94949 


■94 954 


■94 959 


■94963 


.94968 


■94 973 


■94978 


■94983 






•91 


94988 


94993 


94998 


»002 


95007 


95012 


95017 


95022 


95017 


95032 






.91 


95036 


95041 


95046 


9505' 


95056 


95061 


95066 


95071 


9507s 


95080 






■93 


95085 


95090 


95095 


95100 


95105 


95 '09 


95114 


95 "9 


95124 


95129 






.94 


95 '34 


95 '39 


95 '43 


95148 


95 'S3 


95158 


95163 


95168 


95173 


95 '77 






8^95 


■95 182 


■95 '87 


-95 '92 


.95 '97 


.95202 


■95207 


.95211 


■95 216 


■95 221 


,95 226 






■96 


9523' 


95236 


95^40 


95245 


95250 


95255 


95260 


95265 


95270 


95274 




. 


■97 


95279 


95284 95289 


95294 


95299 


95303 


95308 


95313 


95318 


95323 




. 


.98 


95338 


95332 


95 337 


95342 


95 347 


95352 


95 357 


95361 


95366 


95371 






.99 


95376 95381 


95386 


95390 


95 395 


95400 


95405 


95410 


95415 


95419 







6 PL. LOOS. 

a. 

jyGoogle 



FIVE PLACE LOGARITHMS. 



No. 


1 


234 


5 


678 


9 


IMTP 
TAB. 


9.00 


■954*4 -95429 


■95 434 -95 439 -95 444 


■95 448 .95 453 -95 458 .95 463 


■95468 






9547* 95 477 


9548* 95487 95 49* 


95497 


95501 95506 95 5" 


95 5 '6 






95 5*1 95525 


95530 95 535 95540 


95 545 


95550 95 554 95 559 


95564 




■03 


95569 95 574 


95578 95583 95588 


95 593 


95598 95602 95607 


9561* 




■04 


95617 9562s 


95626 95631 95636 


95641 


95646 95650 95655 


95660 




9.°5 


.95 665 .95 670 


-95 674 -95 679 -95 684 


■95689 


-95 694 -95 698 .95 703 


■95708 




.06 


95 7'3 95 7"8 


95722 95727 95 73* 


95 737 


95742 95746 95751 


95756 




■07 


95 761 95 766 


95 770 95 775 95 780 


95785 


95 789 95 794 95 799 


95804 




.oS 


95809 95813 


95818 95823 958*8 


95832 


95837 9584* 95847 


95852 




.09 


95856 9586. 


95866 95871 95875 


95880 


95885 95890 95895 


95899 




9.10 


■95 904 95 909 


.95914 .95918 .959*3 


■95 9*8 


.95 933 .95 938 -95 942 


■95 947 






95 95* 95 957 


95961 95966 95971 


95976 


95980 95985 95990 


95 995 




.12 


95999 9e004 


96009 96014 96019 


96023 


96028 96033 96038 


96042 




■'3 


96047 9605a 


96057 96061 96066 


9607. 


96076 96080 96085 


96090 




.14 


96095 96099 


96104 96109 96114 


96118 


96123 96 '*8 96133 


96137 




9'i5 


.96142 .96147 


.96152 .96156 .96 161 


.96166 


.96171 .96175 .96180 


.96185 




.16 


96190 96194 


96199 96104 96209 


96*13 


96218 96223 96227 


96232 




•17 


96237 9624* 


96146 96*5' 96*56 


96261 


96265 96270 96275 


96280 




.18 


96284 96*89 


96294 9629S 96303 


96308 


96313 96317 96322 


963*7 




•19 


96332 96336 


96341 96346 96350 


96355 


96360 96365 96369 96374 




9.20 


-96379 -96384 


-96 388 .96 393 .96 398 


.96402 


.96407 .96413 .96417 


.96421 






96426 96431 


96435 96440 96445 


96450 96454 96459 96464 96468 






96473 96478 


96483 96487 9649* 


96497 


96501 96506 96511 


96515 




■23 


96520 965*5 


96530 96534 96539 


96544 


96548 96553 96558 96562 




.24 


96567 9657* 


96577 96581 96586 


96591 


96595 96600 96605 


96609 




9.25 


.96614 .96619 


.96624 .96628 .96633 


.96638 


.96642 .96647 -96652 


.96 656 




.26 


96661 96666 


96670 96675 96680 


96685 


96689 96694 96699 96703 




■27 


96708 96713 


96717 96722 96727 


96731 


96736 96741 96745 


96750 




.28 


96755 96759 


96764 96769 96774 


96778 


96783 96788 9679* 96797 




.29 


96802 96806 96811 96816 96820 


96825 


96830 96834 96839 96844 




9.30 


.96848 .96853 .96858 .96862 .96867 


.96872 


.96876 .96881 .96886 


.96890 




■3' 


96895 96900 96904 96909 96914 


96918 96923 96928 96932 


96937 




■3* 


9694* 96946 96951 96956 96960 


96965 


96970 96974 96979 


96984 




■33 


96988 96993 


96997 »7 00» 97007 


97011 


97016 970*1 97025 


97030 




■34 


97035 97039 


97044 97049 97053 


97058 97063 97067 97072 


97077 




9.35 


.97081 .97086 


.97090 .97095 -97 '00 


■97 '04 


.97109 .97114 -97 "8 


■97 '*3 




■36 


97128 9713* 


97 '37 97 '4* 97 146 


97 '51 


97 155 97 160 97 165 


97169 




■37 


97 174 97 '79 


97183 97 '88 97 '9* 


97 '97 


97202 97206 97211 


97216 




■38 


97*20 97**5 


97230 97234 97239 


97*43 


97248 97253 97257 


97262 




■39 


97*67 97*71 


97276 97280 97*85 


97*90 


97294 97299 97304 


97308 




9.40 


■97313 .97317 


.97322 .97327 .97331 


-97 336 


■97 340 -97 345 .97 350 


.97 354 




.41 


97 359 97364 


9736S 97 373 97 377 


9738* 


97387 97 39' 97396 


97400 




.42 


9740s 97 4'° 


97414 97419 974*4 


974*8 


97433 97 437 97 44* 


97 447 




■43 


97 45' 97456 


97460 97465 97470 


97 474 


97479 97483 97488 


97 493 




.44 


97497 97 5°* 


97506 975" 97 5'6 


975*0 


97525 97 5*9 97 534 


97 539 




945 


-97 543 -97 548 


■97 55* .97 557 -97 56* 


-97566 


.97571 .97575 -97580 


■97 585 




46 


97589 97 594 


97598 97603 97607 


97612 


97617 97621 97626 


97630 




■47 


97635 97640 


97644 97649 97653 


97658 


97663 97667 97672 


97676 




48 


97681 97685 


97690 97695 97699 


97704 


97708 97713 97 7'7 


97722 




■49 


97 7*7 97731 


97736 97740 97 745 


97 749 


97 754 97759 97763 


97768 


^ 



LOGS. S PL. 
9. 



„Google 















5 PL. 


.oc 


S 


No. 





I 2 3 


4 


5 6 


7 


8 9 


T.T 




9.50 


■97 772 


■97 777 -97 782 -97 7^6 


■97 791 


.97795 .97800 


.97804 .97809 .97813 


4 


. 


■SI 


97818 


97823 97827 97832 97836 


97841 97845 


97850 97855 97859 





. 


■52 


97864 


97868 97873 97877 


97882 


97886 97891 


97896 


97900 97905 


I 




■53 


97909 


979i4 97918 97923 


97928 


97932 97937 


97941 


97946 97950 






■54 


97 955 


97 959 97964 97968 


97 973 


97978 97982 


97987 


97 991 97996 


z 




9-55 


.98 000 


.98005 .98009 ,98014 .98019 


.98023 ,98028 


.98032 


.98037 .98041 


2 




■56 


98046 9805a 98055 98059 


98064 


98068 98073 


98078 


98082 980S7 


2 




■57 


98091 


98096 98100 98105 


98109 


98.114 98118 


98123 


98127 98132 


3 




■58 


98 137 


98141 98146 98150 


98155 


98159 98164 


98168 


98173 98177 


3 




■59 


98182 


98 1S6 98 191 98 195 


98200 


98204 98209 


98214 


98218 98223 


4 




9.60 


.98327 


.98232 .98236 .98241 


■98245 


.98 250 .98 254 .98 259 


.98263 .98268 


5 




.61 


98272 


98277 98281 98286 


98290 


98295 98299 


98304 


98308 98313 






.62 


983-8 


98322 98327 98331 


98336 


98340 98345 


98349 


98354 98358 


I 




.63 


98363 


98357 98 372 98376 


98381 


98385 98390 


98394 


98399 98403 






.64 


98408 


98412 98417 98421 


98426 


98430 98435 


98439 


98444 98448 


2 




9.65 


-98453 


.98457 -98462 .98466 


.98471 


.98475 98480 


.98484 


.98489 .98493 


3 




.66 


98498 


98502 98507 985" 


98516 


98520 98525 


98529 


98534 98 538 


3 




.67 


98 543 98 547 98 552 98 55^ 9S 561 


98565 98570 


98574 


98579 985S3 


4 




.68 


98588 


98592 98597 98601 


98605 


98610 9S614 


98619 


98623 9862S 


4 




.69 


98632 


98637 98641 98646 


98650 


98655 98659 


98664 


93668 98673 


5 




9.70 


.98677 .986S2 .98686 .98691 


.98695 


.98 700 .98 704 


-98709 


.98 713 .98717 


4 




■7' 


98722 


98726 98731 98735 


98740 


98744 98 7^9 


98753 


98758 98762 







-72 


98767 


98771 98776 987S0 


98784 


98 789 98793 


98798 


98802 98807 






■73 




98816 98820 9SS25 


98829 


98834 9SS38 


98843 


98847 98851 






■74 


98856 


98860 98865 98869 


98874 


98878 98883 


98887 


98892 98896 


2 




9^75 


.98900 


.98905 .98909 -98914 


.98918 


.98923 .98927 


.98932 


.98936 .98941 


3 




.;6 


98945 


98949 98954 98958 


98963 


98967 98972 


98976 98981 98985 






■77 


98989 


98994 98998 09003 


99007 


99012 99016 


99021 


99025 99029 


3 




.78 


99034 


99038 99043 99047 


99052 


99056 99061 


99065 


99069 99074 


3 




■79 


99078 


99083 990S7 99092 


99096 


99100 99105 


99109 


99114 99118 






9,80 


.99123 


.99127 .99131 .99136 


■99 '40 


■99 145 -99 149 


■99154 


-99 158 .99 162 






.81 


99167 


99 171 99176 99180 


99185 


99189 99193 


99198 


99302 99207 






.82 


99 211 


99216 99220 99224 


99229 


99233 99238 


99242 


99247 99251 






■83 


99255 


99260 9<»264 99269 


99273 


99277 99282 


99286 


99291 99295 






.84 


99300 


99304 99308 99313 


99317 


99322 99326 


99330 


99 335 99 339 






9-85 


■99 344 


.99348 .99352 .99357 


■99361 


.99366 .99370 


-99 374 


■99 379 99 3^3 






.86 


99388 


99392 99396 99401 


99405 


99410 99414 


99419 


99423 99427 






.87 


99432 


99436 99441 99445 


99449 


99454 99458 99463 


99467 9947' 






.88 


99476 99480 99484 99489 


99493 


99498 99502 


99506 


99511 99515 






.89 


99 520 


99524 99528 99 533 


99 537 


99542 99546 


99 550 


99 555 99 559 






9.90 


.99564 


■99568 .99572 -99 577 


■99 581 


■99585 -99590 


■99 594 


■99 599 ^99 603 






■91 


99607 


99612 99616 99621 


99625 


99629 99634 


99638 


99642 99647 






.91 


99651 


99656 99660 99664 


99669 


99673 99677 


99682 


99686 99691 






■93 


99695 


99699 99704 99708 


99712 


99717 99721 


99726 


99730 99 734 






■94 


99 739 


99743 99747 99752 


99756 


99760 99765 


99769 


99 774 99778 






995 


-99782 .99787 -99791 .99795 


99800 


.99 804 .99 808 


99813 


99817 .99822 






.96 


99826 


99830 99835 99839 


99843 


99848 99852 


99856 


99861 99865 






■97 


99870 


99874 99878 99883 


99887 


99891 99896 


99900 


99904 99909 




". 


.98 


99 9' 3 


99917 99922 99926 


99930 


99935 99 939 


99944 


99948 99952 






■99 


99957 


99961 99965 99970 


99 974 


99978 99983 


99987 


99991 99996 







a PL. LOOS. 
9. 

=,Googlc 



1.-10. 
SQ. RTS. & SQRS. 



SQUARE ROOTS AND SQUARES. 

Note. The table gives roots directly, squares by Inverse Interpolation 



No. 





I 


2 


3 


4 


5 


6 


7 


8 


D 


,«'ask. 


10 I 


^ 


1.005 


I/HO 


1.015 


1.020 


1.02s 


1.030 I 


034 


1.039 1.044 


6 4 




I t 


049 


1.054 


'.058 


IJ563 


1,068 


1.071 


1.077 1 


082 


IJ386 I 


09' 


1 






09s 


1.100 


1. 105 


1. 109 


J.J 14 


i.ti8 


1.123 I 


127 


1.131 1 


136 






3 ' 


140 


I.MS 


1. 149 


'.153 


1.158 


1.161 


1.166 1 


170 


1-175 1 


179 


2 I 




4 I 


■83 


1..87 


I.I92 


..196 


l.»0 


1.204 


1.208 1 




1.117 I 




2 2 


1 


5 ' 


225 


1.229 


1.233 


1.237 


1-241 


1-245 


1.249 1 


253 


1.157 1 


161 


3 2 




6 1 


265 


1.269 


1273 


1.277 


1.281 


1-285 


1.283 1 


292 


(.196 uoo 


3 2 




7 ' 


304 


1.308 


1-3" 


'3 '5 


1.3J9 


1.323 


1-327 1 


330 


1334 1 


338 


4 3 




8 I 


342 


'-34S 


1.349 


1.353 


1.356 


..360 


1.364 ' 


367 


1371 ' 


375 


4 3 




9 I 


378 


1.382 


1-386 


'.389 


1.393 


-1.396 


1.400 1 


404 


1407 1 


411 


S 4 


2.0 I 


4>4 


M18 


1421 


'•425 


1428 


1432 


J43S '439 


144* 1 


446 


4 3 




449 


1-453 


1456 


1.459 


'463 


1466 


1470 1 


473 


1476 1 


480 




.2 I 


483 


..487 


1.490 


'■493 


1.497 


1.S00 


'.503 ' 


507 


1.510 1 


5'3 


1 I 


-3 ' 


5'7 


1.520 


1.523 


1.516 


1.530 


■■533 


■■536 ' 


539 


1543 1 


546 




■4 « 


S49 


•552 


1.556 


'■559 


1.561 


'■565 


1.568 1 


571 


'.57s 1 


578 


2 I 


1.5 I 


58. 


1.584 


1.587 


'59' 


1.594 


'■597 


1.600 I 


603 


1.606 1 


609 


2 2 


.6 1 


612 


1.616 


1.619 


1.622 


1.625 


1.628 


1.631 1 


634 


1.637 1 


640 




■7 I 


643 


1.646 


1.649 


1.652 


1.65s 


1.658 


1.661 1 


664 


1.667 1 


670 


3 3 


.3 I 


673 


1.676 


1.679 


1.682 


1.685 


1.688 


1.691 1 


694 


1.697 1 


700 


3 2 


■9 • 


703 


1.706 


1.709 


1.712 


1.715 


..718 


1.720 1 


723 


1.726 1 


729 


4 3 


3.0 I 


732 


"-73S 


1.738 


1.741 


1.744 


1.746 


1.749 1 


752 


'.755 ' 


758 


a % 




761 


1.764 


1.766 


1.769 


1.772 


'■775 


1.778 1 


780 


'■783 1 


786 






789 


1.792 


1.794 


1.797 


1.800 


1.803 


1.806 I 


808 


1.311 1 


814 




■3 1 


817 


1.819 


1-822 


:.82s 


1.818 


'.830 


1.833 i 


836 


1.838 1 


841 


I 1 


4 I 


844 


1.847 


1.849 


1.852 


'•855 


'.857 


I.360 I 


863 


1.865 ' 


868 


1 1 


3-5 I 


871 


■.873 


1.876 


1.879 


1.881 


1.884 


..887 . 


889 


.,891 1 


89s 


1 1 


.6 1 


897 


1.900 


1.903 


1.905 


1.908 


1.910 


1.913 1 


916 


..918 I 


911 


2 1 


■7 ' 


924 


1.926 


1.929 


1.931 


1.934 


'■936 


1-939 1 


942 


1.944 I 


947 




.8 I 


949 


1-952 


'■954 


'■957 


1-960 


1.962 


1.965 1 


967 


1.970 I 


972 




■9 I 


975 


'■977 


1.980 


1.982 


1.98s 


1.987 


1.990 I 


991 


1995 I 


997 


3 2 


4.0 a 


OM 


2002 


2.005 


2.007 


1.010 


1.012 


1.015 2 


J3I7 


2.020 2 


ai2 


3 9 




AJ2S 


2.027 


2.030 


2.032 


2.035 


2.037 




041 


2.045 2 


047 




.2 Z 


049 


2.052 


2.054 


1.057 


2.059 


2.062 


2.064 2 


066 


2.069 2 


071 


I 


■3 * 


-074 




2.078 


2.081 


1.083 


1.086 




090 


2X^3 2 


095 




■4 2 


098 


2.100 




2.105 


2.107 


2.110 


2.1 12 2 


114 


2.117 2 


119 


1 I 


4-5 a 


121 


2.124 


2.126 


2.118 


2. 1 31 


2.133 


2.135 2 


'38 


2,140 2 


142 


1 1 


.6 2 


'45 


2.147 


2.149 


2.152 


2.154 


2.156 


3.159 2 


161 


2.163 2 


166 


1 I 


■7 I 


168 


2.170 


2-173 


2. '75 


2.177 


2.179 


2.181 2 


184 


1,186 2 


189 


2 1 


.8 2 


191 


2.193 


2.195 


2.198 


2J0O 




2.205 2 


207 


1.209 2 






■9 2 


214 


2.216 


2.218 


2.220 


2.223 


2.225 


2.227 2 


219 


1.232 1 


234 


3 2 



SQ. RTS. & SQRS. 
1.-10 



1.30) 



,Google 



SQUARE ROOTS AND SQUARES. i.-io. 

SQ. RTS. fc SQRS. 



No. 





I 


2 


3 


4 


5 


6 


7 


8 


9 • 


Intupola. for 


5.0 


3.236 2 


238 


2,241 2 


243 


2.245 


2.247 


2.249 


2.252 


2.254 


2,256 








258 2 


261 


2,263 2 


265 


2.267 


2.269 


2.272 


2.274 


2.276 


2.278 




.2 


2 


280 2 


283 


2.385 2 


287 




2.291 


2.293 


2.296 




2.S00 




•3 


2 


302 2 


304 


2.307 2 


309 


2.311 


2,313 


2.315 


2.3>7 


2,319 


2,322 




4 




324 2 


326 


2.328 2 


330 


2-332 


2.335 


2.337 


2-339 


2,341 


2.343 




5-S 


2 


345 2 


347 


2,349 2 


352 


2.354 


2.356 


2.358 


2.360 


2.362 


3.364 




.6 


2 


366 a 


369 


2.371 2 


373 


2-375 


2-377 


2.379 


2,381 


2.383 


2-385 




■7 


2 


387 2 


390 


2,392 2 


394 


2.396 


2,398 


2.400 


2.402 


2404 


2,406 




.8 


2408 2410 


2,412 2415 


2417 


2419 


2.4»l 


2.423 


2425 


2427 




■9 


2.429 2 


431 


2433 2435 


2437 


2.439 


2441 


2.443 


2445 


2.447 




6.0 


2.449 245* 


2454 2456 


2458 


2460 


2462 


2464 


2466 


3468 






2.470 3 


472 


2474 2476 


2478 


2480 


2482 


2,484 


2486 


3,488 




.1 


2,490 2492 


2.494 2496 


2498 


2,SO0 


2.502 


2.504 


3.506 3.508 




■3 


2.510 2 


5'2 


2.514 2 


516 


2.513 


2,520 


2.522 


2.524 


3,526 


2.528 




4 


2.530 2 


532 


2-534 2-536 


2-538 


2.540 


2.542 


2.544 


2.546 


2-548 




6.5 


2.550 i 


551 


2-553 2 


555 


2.557 


2.559 


2.56. 


2,563 


2,56s 


2.567 




.6 


^■569 3 


571 


2.573 2 


575 


2-577 


2-579 


2.58- 


2-583 


2.58s 


2-587 




■7 


2.588 2 


590 


2.592 2 


594 


2.596 


2,598 


s.eoo 


2.602 


2.604 


2,606 




.8 


2.608 2 




2.612 2 


613 


2.615 


2.617 


2.619 


2,621 


2.623 


2.625 




■9 


2,627 2.629 


2.63. 2 


632 


=.634 


2.636 


1.638 


2.640 


2.642 


2.644 




7.0 


2,646 2 


648 


2.650 2 


651 


2.653 


2-655 


2.657 


2.659 


2,661 


2.663 






2,665 2 


666 


2.668 2 




2,672 


2.674 


2,676 


2.678 


2.680 


2.68 < 




.2 


2.683 J 


685 


2.687 2 


689 


2,691 


2,693 


2,694 


2.696 


2.698 


2.700 




■3 


2.702 2 


704 


2.706 2 


707 


2.709 


2.711 


2-7'3 


2.715- 


2.717 


2,718 




4 


2.720 2 


723 


2,724 2 


726 


2.728 


2,729 


2-73' 


2.733 


2.735 


2.737 




7-S 


2.739 2 


740 


2,742 2 


744 


2.746 


2,748 


2.750 


2.751 


2.753 


2-755 




.6 


2-757 2 


759 


2.760 2 


762 


2.764 


2.766 


2,768 


2.769 


2.771 


2.773 




■7 


2.77s 2 


777 


2.778 2 


780 


2.782 


2.784 


2,786 


2,787 


2.789 


2.791 




.8 


2-793 2 


795 


2.796 2 


798 


Z.SOO 


2.802 


2.804 


2,80s 


2.807 


2,809 




■9 


2.81 1 2 


812 


2.814 2 


816 


2.818 


2.820 


2.821 


2,823 


2.825 


2.837 




8.0 


2.32g a. 


830 


2.832 2 


834 


2-835 


2.837 


2.839 


2.841 


2.343 


2.844 






2.846 2 


848 


2,850 2 


85' 


2.853 


2.855 


2.857 


2,858 


2.860 


2.863 






2.364 2 


865 


2.867 2. 


869 


2.871 


2.872 


2.874 


2.876 


2.877 


2.879 




■3 


2.E81 2 


883 


2.384 2 


886 


2.888 


2.890 


2,891 


2.893 


2.895 


2,897 




4 


2,898 3 


000 


2.902 2 


903 


2,90s 


2.907 


2.909 


3.910 


2,912 


2.914 




8-5 


2.915 2 


917 


2.919 2 


911 


2.922 


2,924 


2.926 


2,927 


3.939 


3.931 




.6 


2-933 2 


934 


2,936 2 


938 


2-939 


2.941 


2-943 


2.944 


2.946 


3,948 




■7 


2,950 2. 


951 


2.953 2 


955 


2.956 


2.958 


2,960 


2.961 


2.963 


2.965 




.8 


2.966 2 


968 


2.970 2 


972 


2.973 


2.975 


2.977 


2.978 


2.980 


3,983 




■9 


2,983 2 


985 


2.987 2 


988 


2,990 


2.992 


2.993 


2-995 


2.997 


2,998 




9.0 


8,000 3 


002 


3-003 3-005 


3-007 


3,008 


3.010 


3.012 


3.013 


3.015 






3-017 3 


018 


3-020 3 




3.023 


3,025 


3.027 


3X12S 


3030 


3J332 






3-033 3 


035 


3.036 3.038 


3.040 


3-041 


3.043 


3.04s 


3-046 


3,048 




■3 


3-050 3 


05' 


3-053 3-OS5 


3.056 


3-058 


3.059 


3.061 


3-063 


3,064 




4 


3-066 3 


068 


3.069 3.071 


3-072 


3-074 


3-076 


3-077 


3.079 


3.081 




9-S 


3-082 3 


084 


3.085 3 


087 


3-089 


3.090 


3.092 


3-094 


3-095 


3.097 




.6 


3-098 8 


100 


3,102 3.103 


3-105 


3.106 


3.108 


3.110 


3-111 


3.II3 




■7 


3"4 3 


116 


3->'8 3 


119 


3-121 


3.122 


3->24 


3.126 


3.127 


3-129 




.8 


3-'3o 3 


"32 


3-' 34 3-135 


3-137 


3.138 


3.140 


3142 


3.143 


3-145 




■9 


3- '46 3 


14S 


3-'5o 3 


'51 


3.153 


3- '54 


3-156 


3-158 


3.159 


3.16. 





SQ. RTS. li SQRS. 
.-10. 



ajiGoOglc 



10.-100. 
SQ. RTS. & SQRS. 



SQUARE ROOTS AND SQUARES. 



No 





I 


2 


3 


4 


5 


6 


7 


8 


9 


lr>t«p«l>. 


U 


3.16a 


3-' 78 


3- '94 


3.209 


3.225 


3-240 


3256 


3-27' 


3-286 


3-302 


le 14 




3-317 


3-332 


3-347 


3362 


3.376 


3-39' 


3406 


342' 


3435 


3450 




13 


3464 


3-479 


3-493 


3.607 


3.521 


3536 


3.550 


3-564 


3-578 


3-592 


3 3 


K 


3.606 


3.619 


3.633 


3-647 


3.661 


3.674 


3.688 


3.701 


3-7 '5 


3-728 






3-742 


3.755 


3-768 


3-782 


3795 


3.808 


3-821 


3-834 


3-847 


3.860 


6 6 


'5 


3'873 


3.886 


3.899 


3.911 


3.924 


3-937 


3950 


3-962 


3-975 


3987 


8 7 


i6 


4.000 


4.012 


4-025 


4.037 


4.050 


4x162 


4-074 


4,087 


4.099 


4.111 


10 8 


•7 


4123 


4.135 


4.147 


4-159 


4.171 


4-'83 


4-195 


4-207 


4,219 


4-231 




IS. 


4.243 


4.254 


4.266 


4-278 


4-290 


4-301 


4-313 


4.324 


4.336 


4.347 


13 11 


'9 


4.359 


4.370 


4.382 


4-393 


4405 


4.416 


4427 


4438 


4450 


4461 


'4 13 


20 


4.47* 


4-483 


4494 


t.5oa 


4.517 


4,528 


4.539 


4.550 


4.561 


4.572 


19 10 




4.583 


4-593 


4.&M 


4-615 


4.626 


4-637 


4.648 4,658 


4.669 


4.6S0 


I 1 




4.690 


4.701 


4.712 


4-722 


4,733 


4.743 


4.754 


4,764 


4.775 


4-785 




23 


4,796 


4.806 


4.8.7 


4.827 


4,337 


4.848 


4.858 4-868 


4.879 


4.889 


4 3 


H 


4-899 


4.909 


4.919 


4.930 


4.940 


4-950 


4.960 


4.970 


4.980 


4-990 


5 4 


*S 


8.000 


5,010 


5.020 


5.030 


5.040 


S'OSO 


5.060 


5.070 


5-079 


5.089 


6 5 


26 


5.099 


5,109 


5."9 


5,128 


S-'38 


5-148 


5- '58 


5- '67 


5.'J7 


5.187 


7 6 


27 


5- '96 


5.206 


5.215 


5225 


5.235 


5.244 


5-254 


5-263 


5-273 


5,282 


8 7 


28 


5.292 


530' 


S-310 


5320 


5.329 


5.339 


5.348 


5-357 


5367 


5-376 


10 8 


29. 


5.385 


5-394 


5404 


54'3 


5.422 


543' 


5 ■44' 


5-450 


5459 


5468 


II 9 


30 


5477 


5486 


5495 


SJOfi 


5.514 


5-523 


S.532 


5541 


5.550 


5.559 


e 8 


3' 


5S&8 


5-577 


5.586 


5.595 


5.604 


5.612 


5.621 


5-630 


5-639 


5.648 




32. 


S-6S7 


5.666 


5-675 


5-683 


S.692 


5.701 


5.710 


5.7.8 


5-727 


5.736 


2 2 


33 


5-745 


5.753 


5.762 


5-77" 


5.779 


5.788 


5-797 


5.805 


5-8'4 


5.822 




34 


5-831 


5.840 


5-848 


S-8S7 


S.865 


5-874 




S-891 


5.899 


5.908 


4 3 


35 


5.916 


5.925 


5.933 


5-94i 


5.950 


5.958 


5.967 


S-975 


S-983 


5-992 


5 4 


36 


6.000 


6/»8 


6.017 


6.02s 


6.033 


6.042 


6x150 


6.058 


6.066 


6-075 


5 5 


37 


6^83 


6X.91 


6x^9 


6.107 


6.1:6 


6.124 


6.132 


6.140 


6..48 


6.156 


6 6 


38 


6.164 


6,173 


6.181 


6.189 


6.197 


6.205 


6.213 


6.221 


6.229 


6,237 


7 6 


39 


6.245 


6-253 


6.261 


6.269 


6.277 


6.285 


6.293 


6.301 


6.309 


6.317 


8 7 


40 


6-325 


6,331 


6.340 


6.348 


6356 


6-364 


6-372 


6.380 


6.387 


6-395 


B 7 


41 


6-403 


641 1 


6.419 


6.427 


6-434 


6442 


6.450 


6458 


6465 


6473 




42 


6481 


6.488 


6.496 


8.504 


6.5.2 


6.519 


6.527 


6.535 


6,542 


6.550 


2 I 


43 


6-557 


6.565 


6-573 


6,580 


6.58S 


6.595 


6.603 


6.61 1 


6.618 


6.626 




44 


6.633 6.641 


6.648 


6.656 


6.663 


6.67, 


6.678 


6.686 


6.693 


6.701 


3 3 


45 


6.708 


6.716 


6.723 


6.731 


6.738 


6.745 


6.753 


6.7&> 


6.768 


6.775 


4 4 


46 


6.782 


6,790 


6.797 


6,804 


6.812 


6,8.9 


6,826 


6.834 


6.84. 


6,848 


5 4 


47 


6.856 6.863 


6,870 


6.877 


6,885 


6.892 


6.899 


6.907 


6,914 


6.921 


6 5 


48 


6,928 


6-935 


6.943 


6.950 


6-957 


6.964 


6.971 


6.979 


6.986 


6.993 


6 6 


49 


7.000 


7,007 


7.014 


7,021 


7-029 


7.036 


7-043 


7-050 


7057 


7.064 


7 6 



SQ, RTS. k SQRS. 
10,-100. 
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SQUARE ROOTS AND SQUARES. 10.-100. 

SQ. RTS. k. SQRS. 



No. 





I 


2 


3 


4 


5 


6 


7 


8 


9 


'tttta.' 


50. 


7.071 


7.078 


7.08s 


7.092 


7-099 


7.106 


7113 


7.120 


7.127 


7-'34 




5' 


7.141 


7-H3 


7-'55 


7.162 


7.169 


7.176 


7- "83 


7.190 


7-197 


7,204 




52- 


7.211 


7,218 


7.225 


7.23a 


7-^39 


7.246 


7-253 


7.259 


7.266 


7-273 




53- 


7.280 


7.287 


7.294 


7-30I 


7.308 


7-314 


7-321 


7-328 


7-335 


7-342 




54- 


7-348 


7-355 


7-362 


7369 


7-376 


7-382 


7-389 


7-396 


7-403 


7409 




55- 


7.416 


7-423 


7430 


7436 


7443 


7-45° 


7-457 


7-463 


7.470 


7-477 




56. 


7483 


7490 


7497 


7.503 


7.5'o 


7-5 1 7 


7-523 


7.530 


7.537 


7.543 




57. 


7-550 


7556 


7.563 


7-57° 


7-576 


7-583 


7-589 


7-596 


7,603 


7.609 




53- 


7.616 


7.622 


7.6J9 


7.635 


7.642 


7.649 


7-655 


7.662 


7.668 


7-675 




59. 


7-68. 


7.688 


7-694 


7.701 


7.707 


7-7'4 


7.720 


7-727 


7-733 


7.740 




60. 


7-7415 


7-752 


7-759 


7-765 


7.772 


7-778 


7-785 


7.791 


7-797 


7,804 




61. 


7.810 


7.817 


7-823 


7.829 


7.836 


7.842 


7.849 


7-855 


7.861 


7,868 




62. 


7-874 


7.880 


7.887 


7-893 


7.899 


7.906 


7.912 


7.913 


7-925 


7-93' 




63. 


7-937 


7-944 


7-950 


7.956 


7.962 


7.969 


7-975 




7.987 


7-994 




64. 


8000 


8.006 


8.012 


S.019 


3.025 


3.031 


8.037 


8.044 


8.050 


8,056 




65. 


8.062 


8.068 


8-075 


8.081 


SxiS-! 


8.093 


8.099 


8,106 


8.M2 


8.1 18 




66. 


8.124 


8.130 


8.136 


8.142 


8-149 


8-155 


8,161 


8.167 


8.'73 


8.179 




67. 


8.185 


8.191 


8.198 


8.204 


8.210 


8.216 


8,222 


8,228 


8-234 


8,240 




68. 


8.246 


8.252 


8.258 


8.264 


3.270 


8.276 


8.2S3 


8,289 


8.295 


8,301 




69. 


8.307 


8.3 '3 


8-3'9 


8-325 


8-331 


8-337 


8.343 


8.349 


8-355 


8,361 




70. 


8.367 


8-373 


8-379 


8-385 


8-390 


8-396 


8.402 


8408 


3414 


8420 




71- 


8.426 


8.432 


8.438 


8,444 


8450 


8456 


8462 


8.463 


8.473 


8.479 




7*- 


8.48s 


8,49. 


8-497 


S.S03 


8.509 


8.515 


8.521 


3.526 


8.532 


8,538 




73^ 


8-544 


8-550 


8.556 


8.562 


8.567 


8,573 


8.579 


8,585 


8.591 


8.597 




74- 


8.602 


8.608 


S.614 


8.620 


3.626 


8.631 


8.637 


8.643 


8.649 


8,654 




75- 


8.660 


8.666 


8.672 


8.673 


8.683 


3.689 


8,695 


3.701 


8.706 


8,712 




76. 


8.718 


a.724 


8.729 


8-735 


3.741 


3.746 


3.752 


8.758 


8.764 


8,769 




77. 


8-775 


8.781 


8.786 


8.792 


3.798 


3.803 


8.809 


3.315 


8.820 


3,826 




78. 


8.832 


8.837 


8.843 


8.849 


8.854 


8.860 


8,866 


S.871 


8.877 


8.883 




79- 


3.888 


8.894 


8.899 


8-905 


8,911 


8.916 


8.922 


8.927 


a.933 


8.939 




80. 


8-944 


8.950 


8.955 


8.961 


8.967 


3.972 


8.978 


8.983 


8.989 


8,994 




81. 


9.000 


9.006 


9.011 


9017 


9J322 


9«28 


9-033 


9-039 


9.044 


9-050 




8j. 


9-oSS 


9.061 


9,066 


9-072 


9-077 


9.083 


9.088 


9.094 


9-099 


9.105 




83. 


9.110 


9.116 


9. 1 21 


9.127 


9-132 


9. '38 


9-143 


9.149 


9-154 


9.160 




84. 


9.165 


9.171 


9.176 


9.182 


9-187 


9,192 


9,198 


9.203 


9.209 


9.214 


2 2 


85. 


9,220 


9.225 


9,230 


9.236 


9.241 


9.247 


9.252 


9.257 


9.263 


9.268 


3 3 


86. 


9.274 


9-279 


9.284 


9.290 


9-295 


9.301 


9.306 


9-3" 


9-317 


9-322 




87. 


9-327 


9-333 


9-338 


9-343 


9.349 


9-354 


9.359 


9-365 


9-370 


9-375 




88. 


9.381 


9.386 


9-39' 


9.397 


9 402 


9.407 


9413 


9418 


9-423 


9429 




89. 


9-434 


9.439 


9-445 


9,450 


9455 


9460 


9,466 


9-47' 


9-476 


9-482 




90. 


9-487 


9-492 


9.497 


9.603 


9,508 


9-5 "3 


9.518 


9,524 


9.529 


9.534 




91. 


9-539 


9.545 


9550 


9-555 


9,560 


9,566 


9-57' 


9.576 


9.58' 


9,586 




92. 


9-592 


9-597 


9.602 


9.607 


9,6.2 


9,618 


9-623 


9.628 


9.633 


9.633 




93- 


9.644 


9.649 


9-654 


9-659 


9-664 


9.670 


9-675 


9.680 


9.685 


9.690 




94. 


9.695 


9.701 


9706 


9.711 


9.716 


9,721 


9.726 


9-731 


9-737 


9-742 




95- 


9-747 


9-752 


9-757 


9.762 


9,767 


9.772 


9.778 


9.783 


9.788 


9-793 




96. 


9.798 


9.803 




9-813 


9.818 


9-823 


9,829 


9.834 


9-839 


9.344 




er- 


9.849 9.854 9.859 


9.864 


9,369 


9.874 


9.879 


9,884 


9.889 


9-894 




gs. 


9.899 


9.905 


9.910 


9.915 


9.920 


9-925 


9-930 


9-935 


9,940 


9.945 




99- 


9.950 


9-955 


9.960 


9.965 


9,970 


9-975 


9.980 


9-985 


9.990 


9-995 
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No. 


01234 


56789 


INTERPOLA-nON 
TABLES. 


1.00 


0.99900.99800.99700.9960 


0.99500.99400.99300,9921 0.9911 


-86-76-«6-66 




0.9901 9891 9881 9872 9862 


9852 9843 9833 9823 9814 


9876 


.02 


9804 9794 9785 9775 9766 


9756 9747 9737 972S 97'8 


17 15 13 11 


■03 


9709 9699 9690 9680 9671 


9662 9653 9643 9634 9625 


26 23 20 17 


■04 


9615 9606 9S97 9588 9579 


9569 9560 9551 9542 9533 


34 30 26 22 


I.OS 


0.9524 0.95 1 5 0.9506 0.9497 0.9488 


0,94790.94700,9461 0,94520,9443 


43 38 33 28 


.06 


9434 9425 9416 9407 9399 


9390 9381 9372 9363 9355 


5" 45 39 33 


■07 


9346 9337 93*8 9310 9311 


9302 9294 9285 9276 9268 


60 53 46 39 


.oS 


9259 9251 9243 9234 9"5 


9217 9208 9200 9191 9183 


68 60 52 44 


■09 


9174 9166 9158 9149 9141 


913s 9124 9"6 9107 9099 


77 68 59 5° 
-46-35-36-22 


To" 


0.9901 0.9S04 a9709 0.9615 


0.9524 0,9434 0.9346 0,9259 0.9 1 74 




0.9091 9009 8929 8850 8772 


8696 8621 8547 847s 8403 


5 4 3 2 


.2 


8333 8264 8197 8130 8065 


8000 7937 7874 7813 7752 


9 7 5 4 


■3 


7692 7634 7576 75 '9 7463 


7407 7353 7299 7246 7'94 


14 11 8 7 


■4 


7143 7092 7042 6993 6944 


6897 6849 6803 6757 671 1 


18 14 10 9 


1-5 


0.6667 0.6623 0-6579 06536 0.6494 


0,6452 06410 0,6369 0,6319 0.6289 


23 18 13 II 


.6 


6250 6211 6173 6135 6098 


6061 6024 5988 5952 5917 


27 21 15 13 


■7 


5882 5848 5814 5780 5747 


5714 5682 5650 5618 5587 


32 25 18 15 


^ 


555^ 55^5 5495 S464 5435 


5405 5376 5348 5319 5291 


36 28 20 18 


■9 


5263 5236 5208 S'8i S»55 


5128 5102 5076 5051 5025 


4' 32 23 20 


2.0 


0.5000 0.4975 0-4950 049260.490* 


0.4878 0.4854 04S31 0,4808 0.4785 


-18-ie-l*-18 




4762 4739 4717 4695 4673 


4651 4630 4608 4587 4566 




.2 


4545 4525 4505 4484 4464 


4444 44*5 4405 4386 4367 


4332 


■3 


4348 43*9 4310 4292 4274 


4255 4237 4219 4202 4184 


5 5 4 4 


A 


4167 4149 4132 4115 4098 


4082 4065 4049 4032 4016 


7665 


2.S 


0,4000 0.3984 0.3968 0.3953 0.3937 


0.3922 0.3906 0.3891 0.3876 0.3861 


9876 


.6 


3846 3831 3817 3802 3788 


3774 3759 3745 373' 37'7 


M 10 8 7 


.7 


3704 3690 3676 3663 3650 


3636 3623 3610 3597 3584 


13 I. .0 8 


.8 


3S7« 3559 3546 3534 35*' 


3509 3497 3484 3472 3460 


14 13 II 10 


■9 


3448 3436 3425 3413 3401 


3390 3378 3367 3356 3344 


16 14 13 u 


3.0 


0.3333 0.3322 0.331 1 0.3300 0.3289 


0.3279 0.3268 0,3257 0,3247 0.3236 


-11 -9 -B -7 




3226 321s 3*05 3'95 3«85 


317s 3'65 3'55 3145 3135 




-a 


3125 3115 3106 3096 3086 


3077 3067 3058 3049 3040 


2221 


■3 


3030 3021 301Z 3003 2994 


298s 2976 2967 2959 2950 


3322 


•4 


2941 2933 2924 2915 2907 


2899 2890 2882 2874 2865 


4 4 3 3 


3.5 


0.2857 02849 o.=84i 0.2833 0-2825 


0,28170.28090,2801 0,27930,2786 


6544 


.6 


2778 2770 2762 2755 2747 


2740 2732 2725 2717 2710 


7 5 5 4 


.7 


2703 2695 2688 2681 2674 


2667 2660 2653 2646 2639 


8665 


.8 


2632 2625 2618 261 1 2604 


2597 2591 2584 2577 2571 


9766 


■9 


2564 2558 2551 2545 2538 


2532 2525 2519 2513 2506 


10 8 7 6 


40 


0.2500 0.2494 0.Z48S 0.2481 0.2475 


0.2469 0,2463 0.2457 0,2451 o-=445 


-S-6-4 


.1 


2439 1433 2427 2421 2415 


2410 2404 2398 2392 2387 


1 1 




2381 2375 2370 2364 2358 


2353 2347 2342 2336 2331 




■3 


2326 2320 2315 2309 2304 


2299 2294 2288 2283 2278 


z 3 I 


4 


2273 2268 2262 2257 2252 


2347 2242 2237 2232 2227 


2 2 3 


4.5 


0.2222 0.221 7 0.2212 0.2208 0.2203 


0,21980.21930.21880.21830.2179 


3 3 a 


.6 


2174 1169 2165 ai6o 2155 


2151 2146 2141 2137 2132 


432 


.7 


2128 2123 2119 2114 2110 


2105 zioi 2096 2092 2088 


4 4 3 


.8 


2083 2079 2075 2070 2066 


2062 2058 2053 2049 2045 


5 4 3 


•9 


2041 2037 2033 20z8 2024 


2020 2016 2012 2008 2004 


5 5 4 
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P 


No. 


12 3 4 
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IMTBRPOLATION 




5,0 


o,a>x) 0.1996 0.1992 0.1988 0.1984 


0.19800.19760.19720.19690.1965 


-4 -S 






1961 1957 I9S3 >949 19*6 


1942 1938 1934 I93I 1927 






.2 


1923 1919 1916 1912 1908 


I90S 1901 IS98 1894 1890 


1 I 




■3 


1887 1883 1880 1876 1873 


1869 1866 1862 1859 1855 






■4 


1852 1848 1845 1842 1838 


1835 1832 1828 1825 1821 


2 I 




SS 


0.18180.18150.18120.18080.1805 


0.18020.17990.17950.17920.1789 


2 2 




.6 


1786 1783 1779 1776 1773 


1770 1767 1764 1761 1757 


2 2 




■7 


1754 '75' '748 1745 1743 


'739 '736 '733 "730 1727 


3 2 




.8 


1724 1721 1718 1715 1712 


1709 1706 1704 1701 1698 


3 2 




•9 


1695 1692 1689 1686 1684 


1681 1678 1675 1^72 "6^ 


4 3 




6.0 


0.1667 0.1664 0.1661 0.1658 0.1656 


0.16530.16500.16470.16450.1642 


-» -a 






1639 1637 1634 1631 1629 


1626 1623 1621 1618 1616 






.3 


1613 ifito 1608 1605 1603 


1600 1597 1595 1592 1590 


1 




■3 


'587 '585 '582 «s&> 1577 


'S75 '57* '57° '567 'S^S 


I 1 




■4 


1563 1560 1558 1555 "553 


1550 1548 1546 1543 1541 


' " 




6.S 


0.1538 0.1536 0.1534 0.153J 0.1529 


0.15270.15240.15220.15200.1517 


2 I 




.6 


'5'5 "S'3 15" 1508 1506 


1504 1502 1499 1497 '495 






-7 


1493 1490 1488 1486 1484 


1481 1479 '477 "475 "473 






.8 


1471 1468 1466 1464 1462 


1460 1458 1456 '453 '45' 


2 2 




-9 


1449 1447 1445 1443 «44i 


'439 "437 "435 '433 '43' 


3 2 




7.0 


□.1429 0.1427 0.1425 0.1422 0.1420 


a14t30.14160.14140.1412 0.1410 


-a -1 






1408 1406 1404 1403 1401 


'399 1.397 "395 "393 '39" 






.2 


1389 1387 1385 1383 1381 


"379 '377 '376 "374 '37' 







■3 


1370 1368 1366 1364 136Z 


1361 1359 1357 1355 1353 






■4 


1351 1350 1348 1346 1344 


1342 '340 1339 1337 "335 


1 




7.5 


0.13330.13320.13300.13280.1326 


0.1325 0.1323 0.1321 0.13190.1318 


1 ' 




.6 
■7 


1316 1314 '3" 13" 1309 
1299 1297 1295 "294 '»9i 


"307 '305 '304 '302 '3«> 
1190 1289 1287 12S5 1284 


I \ 




,8 


1282 1280 1279 1277 1276 


1274 1272 1271 1269 1267 


2 1 




■9 


1266 1264 1263 1261 1259 


1258 1256 1255 '253 '252 


2 I 




S.0 


0.12500.12480.12470.12450.1144 


0.1242 0.124" "239 0.1238 ai236 


-a -I 






1235 "233 '232 1230 '"9 


1227 1225 1224 1222 1221 






.2 


1220 1218 1217 1115 1*14 


1212 1211 1209 1208 1206 







•3 


1205 1203 1202 1200 1199 


1198 1196 1195 1193 1192 








1190 1189 1188 1186 1185 


1183 IIS2 I181 II79 1178 


1 




8S 
.6 
-7 
.8 
■9 


0.11760.1175 0.1174 0.11720.1171 
1163 1161 1160 1159 1157 
1149 1148 1147 "I45 "'44 
1136 1135 "34 "33 "31 
1124 1122 1121 1120 1119 


0.11700.11680.11670.11660.1164 

1156 1155 1153 "S^ "5' 
"43 "42 "40 "39 ""38 
1130 1129 1127 1126 1125 
1117 1116 Ills "'"4 '"2 


2 \ 




9.0 


o.iitio.11100.11090.11070.1106 


0.1 105 0.1104 0.1 103 o.noi o.iioo 


-2 -1 






1099 1098 1096 1095 1094 


1093 1092 1091 1089 1088 









1087 10S6 1085 1083 10S2 


1081 1080 1079 1078 1076 






■3 


1075 1074 1073 107Z 1071 


1070 1068 1067 1066 1065 


I 




4 


1064 1063 1062 1060 1059 


1058 1057 1056 105s 1054 


I 




9-5 


0.1053 0.1052 0.1050 0.1049 0.1048 


0.1047 0.1046 0.1045 0.10440.1043 






.6 


1042 1041 1040 1038 1037 


1036 1035 1034 1033 1032 






■7 


103 I 1030 1029 1028 1027 


1026 1025 1024 1022 1 02 1 






.8 


1020 1019 1018 1017 1016 


IOI5 1014 IOI3 IOI2 lOIl 






9 


loio 1009 1008 1007 1006 


1005 1004 1003 1002 1001 


2 I 
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SLIDE-WIRE RATIOS. 



cm. 


o"- 


,^. 


2Bin. 


3-- 


4-1.. 


5— ■ 


6»™. 


yrna. 


9m- 


9—. 





0.0000 


OOOIO 


0.0020 


0.0030 


0.0040 


0.0050 


0,0060 


0.0071 


0.0081 


ox»9t 










0132 


0142 


0152 


0163 


o'73 


0.83 


0194 


2 


0204 


0215 


0215 


0235 


0246 


0256 


0267 


0273 


0288 


0299 


3 


0309 


0320 


033' 


0341 


0352 


0363 


0373 


0384 


0395 


0406 


4 


0417 


0428 


0438 


0449 


a,6o 


0471 




0493 


0504 


OS'S 


S 


0.0526' 


0.0537 


O.OS49 


0*560 


O.0S7' 


00582 


0.0593 


0A^5 


ox)6i6 


0.0627 


6 


0638 


0650 


0661 


0672 


0684 


0695 


0707 


0718 


0730 


0741 


7 


0753 


0764 


0776 


0788 


0799 


0811 


0823 


0834 


0846 


0858 




0870 


0881 


0893 


0905 


0917 


0929 


0941 


0953 


0965 


0977 


9 


0989 


100« 


1013 


1025 


1038 


1050 


1062 


1074 


.087 


1099 


10 


0.1111 


0.1II4 


0.I136 


0,1148 


0.1 161 


0.1173 


0.1186 


0.1198 


0.1211 


0.1223 




1136 


1249 


1261 


1*74 


1287 


1299 


1312 


'32s 


■338 


'351 




1364 


1377 


.1390 


1403 


1416 


'429 


1442 


'455 


1468 


1481 


«3 


1494 


1508 


1521 


'534 


"547 


156' 


1574 


1588 


1601 


1614 


H 


162S 


.641 


.655 


1669 


1682 


1696 


1710 


1723 


'737 


'75' 


«5 


0..765 


o.:779 


0.1793 


0.1806 


0..820 


01834 


0.1848 


0.1862 


0..877 


0.1891 


le 


1905 


1919 


'933 


1947 


1962 


1976 


'990 


2005 


2019 


2034 


"7 


2048 


3063 


2077 


2092 


2107 




2136 


2151 


2166 


2180 


>8 


"95 




2225 


2240 


2255 


2270 


2285 


2300 


2315 


3331 


'9 


2346 


2361 


2376 


3392 


1407 


2422 


2438 


2453 


2469 


3484 


30 


0.8500 


az5j6 


0.1531 


0.2547 


0.2563 


0.2579 


0-3595 


0.2610 


0.1626 


0.2642 




2658 


2674 


2690 


2707 


2723 


2739 


275s 


2771 


2788 


2804 




iSzi 


»837 


2854 


2870 


2887 


2903 


»920 


2937 


2953 


2970 


'3 


2987 


3004 


3011 


3038 


3055 


3072 


3089 


3.06 


3123 


3'4i 


24 


3 '58 


3' 75 


3' 93 


3210 


3228 


3*45 


3263 


32S0 


3298 


3316 


25 


^3333 


0-335' 


0.3369 


0-3387 


0.3405 


0.3423 


0.3441 


0-3459 


0-3477 


0.3495 


a6 


3514 


3532 


355° 


3569 


3587 


3605 


3624 


3643 


3661 


3680 


a? 


3699 


37' 7 


3736 


3755 


3774 


3793 


3812 


383' 


3850 


3870 


iS 


3889 


3908 


3928 


3947 


3967 


3986 


4006 


4025 


4045 


406s 


39 


4085 


4104 


4,24 


4144 


4164 


4184 


4205 


422s 


424s 


4265 


30 


0.4286 


04306 


04327 


04347 


04368 


04389 


0.4409 


04430 


0.4451 


04472 


3> 


4493, 


45 '4 


4535 


4S56 


4577 


4599 


4620 


4641 


4663 


4684 


3* 


4706 


4728 


4749 


477' 


4793 


48'5 


4837 


4859 


4881 


4903 


33 


4925 


4948 


4970 


4993 


501S 


5038 


5060 


5083 


5106 


5'39 


34 


S152 


S'7S 


5'98 


5221 


5244 


5267 


5291 


S3'4 


5337 


5361 


35 


0.5385 0.5408 


0.5432 


0.5456 


0.5480 


0.5504 


0.5528 


0.5552 


0.5576 


0.5601 


36 


5625 


5650 


5674 


5699 


5723 


5748 


S773 


5798 


5823 


5848 


37 


5873 


5898 


5924 


5949 


5974 


6000 


6026 


605. 


6077 


610J 


38 


6129 


fi'55 


6181 


6208 


6234 


6260 


6287 


63 '3 


6340 


6367 


39 


6393 




6447 


6475 


6502 


6529 


6556 


6584 


661 1 


6639 


40 


0.6667 


0.6695 


0.6722 


0,6750 


0.6779 


0.6807 


0.6835 


0.6863 


0.6892 


0.6921 


41 


6949 


6978 


7007 


7036 


7065 


7094 


7123 


7153 


7182 


7212 


42 


7241 


7271 


730' 


733' 


7361 


739' 


7422 


7452 


7483 


75'3 


43 


7544 


757S 


7606 


7637 


766S 


7699 


773" 


7762 


7794 


7825 


44 


7857 


7889 


7921 


79S3 


7986 


8018 


8051 


8083 


8116 


8149 


45 


0.8182 


0.S215 


0.S248 


0.8282 


0-8315 


0.8349 


0.8381 


0.8416 


0.8450 


0.8484 


46 


8519 


8553 


8587 


8622 


8657 


8692 


8727 


8762 


8797 


8832 


47 


8868 


8904 


8939 


897s 


9011 


9Ch8 


9084 


9121 


9'57 


9194 


48 


9231 


9268 


9305 


9342 


9380 


94' 8 


9455 


9493 


953' 


9570 


49 


9608 


9646 


9685 


9724 


9763 


9802 


984. 


9881 


9920 


9960 
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omn. 


I""- 


2Bm. 


3—. 
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5mm. 


6— ■ 


7«m. 


8—- 


5-B.. 


50 


1.000 


IXMH 


1.008 


1.012 


1. 016 


1.020 


1.024 


1,028 


1-033 


1-037 


5' 


IX>4I 


1.045 


1.049 


'■053 


1.053 


t.062 


1.066 


1.070 


1-075 


1.079 


52 


..083 


ixiSS 


1.092 


1.096 


I.IOI 


1.105 


I. no 


1.114 


1.119 


1.123 


S3 


1.128 


1-132 


I '37 


1.141 


1.146 


1.151 


i-'55 


1.160 


1.165 


1,169 


54 


1.174 


1.179 


1..83 


1.188 


1.193 


1. 198 


1. 203 


1.208 




1,217 


55 


i.a23 


1.227 


1.132 


1.237 


1.242 


1.247 


1.252 


1-257 


1.262 


I.26S 


56 


1-273 


1.278 


1.283 




1.294 


1.299 


1.304 


1-309 


1315 


1.320 


57 


1.326 


'.331 


>-336 


1.342 


1-347 


1-353 


1.358 


.,364 


'.370 


'-375 


58 


1-381 


1-387 


1.392 


1.398 


1.404 


1410 


1415 


1,421 


1,427 


1433 


59 


1 439 


1445 


1.451 


M57 


1.463 


1.469 


I47S 


1,481 


1.488 


1.494 


60 


1.500 


1.506 


1.513 


i-S'9 


1.525 


1-S32 


I.S38 


.1-S4S 


1.551 


1,558 


61 


..564 


1-57' 


1-577 


1.584 


1-591 


1-597 


1.604 


1.611 


1.618 


..625 


6a 


1. 632 


1.639 


1,646 


1-653 


1.660 


1.667 


1.674 


1.681 


1.688 


1.695 


63 


•■703 


1.710 


1.717 


1.725 


1-732 


1.740 


1.747 


'-755 


1.762 


1.770 


64 


1.778 


1.786 


'■793 


1.S01 


1.809 


1.817 


1.825 


1-833 


1. 841 


1.849 


65 


1.857 


..86s 


1.874 


1.882 


1.890 


1.899 


1.907 


'.91s 


1.924 


'-933 


66 


1.941 


1.950 


1-959 


1.967 


1.976 


1.985 


1.994 


2/KJ3 






67 


2.030 


2.040 


2.049 


2.058 


2.067 


2.077 


2/386 


2,096 


2.106 


2.115 


68 


2.135 


2.135 


2. '45 


2-15S 


2.165 


2175 


2.185 


2,195 


2.205 


2,215 


69 


2.226 


2.236 


2.247 


2.257 




2.279 


2.289 


2.300 


2.31 1 


2.322 


70 


a.333 


2-344 


2-356 


2.367 


2.373 


2.390 


2,401 


2413 


2.425 


2.436 


7' 


2448 




2471 


2.484 


2.497 


2.509 


a.521 


2.534 


2-546 


2-559 


72 


2571 


2^84 


2-597 


2.610 


2.623 


2.636 


2.650 


2.663 


2.676 


2.690 


73 


2.704 


2.717 


2-731 


2-745 


2-759 


2.774 


2.788 


2.802 


2.817 


2.831 


74 


2.846 


2.861 


2.876 


2.891 


2.906 


2.922 


2.937 


2.953 


2.968 


2.984 


75 


3.000 


3.016 


3.032 


3-049 


3065 


3.082 


3-098 


3."5 


3132 


3-149 


76 


3167 


3.184 


3.202 


3.219 


3-237 


3.255 


3-274 


3-292 


3310 


3-329 


77 


3.348 


3.367 


3.386 


3405 


3-425 


3-444 


3464 


3-484 


3-505 


3.525 


78 


3-545 


3-566 


3-587 


3-608 


3-630 


3.651 


3-673 


3-695 


3-717 


3-739 


79 


3.762 


3.785 


3.808 


3-831 


3-854 


3.878 


3.902 


3.926 


3.950 


3-975 


80 


4.000 


4.02s 


405 ' 


4.076 


4.102 


4.128 


4'55 


4.181 


4.208 


4-236 


81 


4-263 


4.291 


4.319 


4.348 


4-376 


4405 


4-435 


4465 


4495 


4-525 




4556 


4-S87 


4.618 


4.650 


4.682 


4-714 


4.747 


4-780- 


4.814 


4.848 


83 


4.882 


4917 


4-952 




5/324 


5.061 


5.098 


5.135 


5-173 


5-211 


84 


5.25° 


5.289 


5-329 


5-369 


S-.4IO 


5452 


5494 


5536 


5-579 


5.623 


85 


5.667 


5.711 


5-757 


5-803 


5-849 


5.897 


5.944 


5-993 


6.042 


6.092 


86 


6.143 


6.194 


6.246 


6.299 


6-353 


6407 


6463 


6.519 


6.576 


6.634 


87 


6.692 


6.752 


6.813 


6.874 


6.937 


7.000 


7.065 


7- '30 


7,197 


7.264 


88 


7-333 


7403 


7475 


7.547 


7.621 


7.696 


7.772 


7.850 


7.929 


8.009 


89 


8.091 


8.174 


8.259 


8.346 


8.434 


8.524 


8.615 


8.709 


8.S04 


8.901 


90 


9.000 


9.101 


9-204 


9-309 


9417 


9.526 


9-638 


9.753 


9.870 


9-989 


91 




10.33 


10.36 


10.49 


10.63 


10.77 


10.90 


11.05 




11-35 


91 


11.50 


11.66 


11.82 


11.99 


1 1. 16 


12-33 


12.51 


12-70 


12.89 


'3-o8 


93 


13.29 


1349 


13.71 


13-93 


'415 


14-38 


14.63 


14.87 


1513 


15-39 


94 


15.67 


15-95 


.6.24 


16,54 


16.S6 


17.18 


17.52 


17.87 


18.23 


18.61 


95 


19/X) 


1941 


19-83 


20.28 


20.74 


21.22 


21.73 


22.26 


22.81 


23-39 


96 


24.00 


24.64 


2532 


26.03 


26.78 


27-57 


28.41 


29.30 


30-25 


31,26 


97 


32-33 


3348 


34-71 


36.04 


37-46 


39.00 


40.67 


42.48 


44,45 


46.62 ■ 


98 


49.00 


S'.6 


54.6 


57.8 


6..5 


65.7 


704 


75-9 


82.3 


89-9 


99 


99.0 


10. 


24. 


42- 


66. 


199- 


249. 


332- 


499- 


999- 



S. W, RATIOS. 



jyGoogk 



NAT. SIN. 4 PL. 



NATURAL SINES AND COSINES 



FOUR PLACES. 

Nots. For cosines uso nghl-hind column of degrees and lower line of tenths. 



Deg. 


°.0 °.i °.2 °.3 °-4 


°,5 °-6 °-7 "S °.9 




■■tuiMla 
forh'dlh 


Of 


0.0000 00017 0.0035 0.0052 o.oo;o 


0.0087 0,0105 0.0122 0.0140 0.0157 


89 


18 17 




0175 0192 esog 0127 0244 


0262 0279 0297 0314 0332 


88 






0349 0366 0384 0401 0419 


0436 0454 0471 O48S 0506 


87 


4 3 


3 


0513 0541 0558 0576 0593 


0610 0628 0645 0663 0680 


86 


5 5 


4 


0698 0715 0732 0750 0767 


0785 o8o2 0S19 0837 0854 


85 


7 7 


S 


0.0872 0.0889 0.0906 0.0914 0.0941 


0.0958 ao976 0,0993 oioi 1 0.1028 


84 


9 9 


6 


1045 "^3 »o8o 1097 IMS 


1132 1149 1167 1184 1201 


83 




7 


1219 1236 1253 IZ71 138S 


1305 1323 »340 1357 1374 




13 12 


8 


139a 1409 .'4S& 1444 I461 


1478 I49S '5'3 1530 '547 


81 


14 14 


9 


1564 1582 1599 1616 1633 


1650 1668 1685 1702 1719 


80° 


16 15 


10° 


0.1736 0.1754 0.1771 o.'788 0.1805 


0.1822 0.1840 0.1857 0.1874 0.1891 


79 


17 18 




1908 1915 1941 1959 '977 


1994 2011 2028 2045 2062 


78 


z 2 




3079 2096 2113 Z130 1147 


2164 21S1 2198 2215 2232 


77 


3 3 


13 


2250 2267 2284 2300 2317 


=334 2351 2368 3385 1402 


76 


5 5 


'4 


2419 2436 2453 2470 2487 


2504 ,2521 2538 2554 2571 


75 


7 6 


'S 


0.2588 0.2605 0.2621 0.2639 0.2656 


0.2672 0.2689 0.2706 0.2723 0.2740 


74 


9 8 


i6 


2756 2773 2790 2897 2823 


2840 2857 2874 2890 2907 


73 


10 10 


'7 


2924 2940 2957 2974 2990 


3007 3024 3040 3057 3074 


72 




IS 


3090 3107 3"23 3'40 3156 


3173 3'90 3206 3223 3239 


71 


14 13 


19 


3256 3272 3289 3305 3322 


333B 3355 3371 3387 3404 


70° 


15 H 


20° 


0.34200.3437 0-3453 0. J469 0-3486 


0.3502 0.35180.353s 0.355' 0.3567 


69 


16 16 




3584 3600 3616 3633 3649 


3665 3681 3697 3714 3730 


68 


2 2 


zz 


3746 3762 3778 3795 3811 


3827 3S43 3859 3875 3891 


67 


3 3 


23 


3907 3923 3939 3955 397' 


3987 4003 4019 4035 4051 


66 


5 5 


** 


4067 ■4083- 4099 4115 4131 


4147 4163 4179 4195 4210 


65 


6 6 


as 


0.4226 0.4242 0.4258 04274 04289 


04305 04311 04337 0435? 0-4368 


64 


8 8 


z6 


4384 4399 4415 4131 4446 


4462 4478 4493 4599 4524 


63 


10 p 


27 


4540 455S 457> 4586 4602 


4617 4633 4648 4664 4679 


62 




28 


469s 4710 4726 +74! 4756 


4772 4787 4802 ^.8 4833 


61 


13 '2 


29 


4848 4863 4879 4894 4909 


4924 4939 4955 4970 4985 


60° 


14 14 


30° 


0.50000.5015 050300,5045 0.5060 


0,50750.50900.51050.51200.5135 


59 


14 13 


3' 


S'S" S'6s S'8o 5>95 5^'° 


5225 5240 525s 5270 5284 


58 


I 1 


32 


5299 5314 5329 5344 5358 


5373 5388 5402 5417 5432 


57 


3 3 


33 


5446 5461 5476 5490 5505 


S5'9 5534 -5548 5563 5577 


56 


4 4 


34 


■ 5592 5606 5621 563s 5650 


5664 5678 5693 5707 5721 


55 


6 5 


35 


05736 0.5750 0.5764 O.S779 0.5793 


0.5807 0,5821 0.5835 0.58500.5864 


54 


7 7 


36 


5878 5891 5906 5920 5934 


5948 5962 5976 5990 6004 


53 


8 8 


37 


6018 6032 6046 6060 6074 


6088 6101 6115 6129 6143 


52 


10 9 


38 


6157 6170 6184 6198 6211 


6225 6239 6252 6266 6280 


5' 




39 


6293 6307 6320 6334 5347 


6361 6374 6388 6401 6414 


50° 


13 12 




i°.o °.9 °.8 ".7 ".6 


".S U "■$ °-2 =.1 


Deg. 


IntwpoU 
forh'dth 



NAT. COS. 4 PL. 



„Google 



NATURAL SINES AND COSINES. 
4 PL. NAT. SIN. 



D.I. 


•=.0 ■'.1 -.2 '.$ ".4 


^5 °-6 °-7 °-8 °.9 




foth-dtta 


OOP 


0.6428 0.6441 0.6455 0-6468 O.64S1 


0.6494 0.6508 0.6521 0.6534 0.6547 


49 


18 12 


41 


6561 6574 6587 6600 6613 


6626 6639 6652 6665 6678 


48 


I I 


42 


6691 6704 6717 6730 6743 


6756 6769 6782 6794 6807 


47 


3 2 


43 


6820 6833 6845 6858 6871 


6884 6896 6909 6921 6934 


46 




44 


6947 6959 6972 6984 6997 


7009 702a 7034 7046 7059 


45 




45 


0.7071 0.70830.70960.71080,7120 


0-71330.7145 0.7157 0.7169 0.7181 


44 




46 


7193 7206 7218 7230 7242 


7254 7266 727S 7290 7303 


43 




47 


73'4 732s 7337 7349 736i 


7373 7385 7396 7408 7430 


42 




48 


7431 7443 7455 74^6 7478 


7490 7501 7513 7524 7536 


4' 




49 


7547 7559 7S70 7S8i 7S93 


7604 7615 7627 7638 7649 


40° 


12 II 


■50° 


0.76600.7672 0.7683 0.7694 0.7705 


0.7716 0,7727 0,7738 0.7749 0-7760 


39 


11 & 


5' 


7771 7782 7793 7804 7815 


7826 7837 7848 7859 7869 


38 




52 


7880 7891 7902 7912 7923 


7934 7944 7955 79^5 797^ 


37 




53 


7986 7997 8007 8018 8028 


8039 8049 8059 8070 8080 


36 




S4 


8090 8100 8111 8121 8131 


8141 8151 8161 8171 8181 


35 




55 


0.81920,82020,82110.82210.8231 


0,82410.82510.82610.82710.8281 


34 




56 


8290 8300 8310. 8320 8329 


8339 8348 8358 8368 8377 


33 




57 


8387 8396 8406 841S 8425 


8434 8443 8453 8462 8471 


32 




58 


8480 8490 8497 8508 8517 


8526 8536 8545 8554 8563 


31 




59 


8572 8581 8590 8599 8607 


8616 8625 B634 8643 8652 


30° 


10 8 


60° 


0.8660 0.8669 0.8678 0.8686 0.8695 


0.87040.87120.87210.87290.8738 


29 




61 


8746 8755 8763 8771 8780 
g&2"9 8838 8846 8854 8862 


8788- 8796 8805 8813 8821 


28 




61 


8870 8878 8886 8S94 8902 


27 




63 


8910 8918 8926 8934 8942 


8949 -8957 8965 8973 8980 


26 




64 


8988 8996 9003 9011 9018 


9026 9033 9041 9048 9056 


25 




6S 


0.9063 0,9070 0,9078 0.9085 0,9092 


0.91000.91070.91140.91210.9128 


24 




66 


9135 9143 9150 9"57 9'64 


9171 9178 9184 .9191 9198 


23 




67 


9205 9212 9219 9225 9232 


9239 9245 9252 9259 9265 


22 




68 


9272 9278 9285 9291 9298 


9304 93" 9317 9323 9330 






69 


9336 9342 9348 9354 93^1 


9367 9373 9379 9385 939^ 


20° 




70° 


0,9397 0-9403 0,9409 0941S 0-942I 


0.94260.9432 0,9438 0.9444 0.9449 


19 




71 


9455 9461 9466 9472 9478 


9483 9489 9494 9500 9505 


18 




72 


95" 95'6 95^' 9527 9531 


9537 9542 9548 9553 9558 


'7 




73 


9563 9568 9573 9578 9583 


9588 9593 9598 9^3 9608 


16 




74 


96:3 9617 96" 9627 9631 


9636 9641 9646 ,9650 9655 


•S 




75 


0.9659 0.9664 0.9668 0.9673 0.9677 


0,9681 0.9686 0.9690 0.9694 0.9699 


14 




76 


9703 9707 97" 97'S 97^0 


9724 .9728 9732 9736 9740 


13 




77 


9744 9748 975' 9755 9759 


■9763 9767 9770 9774 9778 






78 


9781 9785 9789 9792 9796 


9799 9803 9806 9810 9813 


11 




79 


9816 9820 9823 9826 9829 


9833 9836 9839 9842 9845 


10° 




80° 


0.9848 0.9851 0.9854 0.9857 0.9860 


0.9863 0.9866 0.9869 0.9871 0.9874 


9 




Si 


9877 98S0 9882 9885 9888 


9890 9893 9895 9898 9900 


8 




82 


9903 9905 9907 9910 9912 


9914 9917 9919 9921 9923 


7 




83 


9925 9928 9930 9932 9934 


9936 9938 9940 9942 9943 


6 




84 


9945 9947 9949 995" 995^ 


9954 9956 9957 9959 99^0 


5 




85' 


0.9962 0.9963 0,9965 0-9966 0.9968 


0,9969 0.9971 0.9972 0.9973 0.9974 


4 




86 


9976 9977 9978 9979 998° 


998. 9982 9983 9984 9985 


3 




87 


9986 9^7 9988 9989 9990 


9990 9991 9992 9993 9993 








9994 9995 9995 999^ 999^ 


9997 9997 9997 9998 9998 






89 


9998 9999 9999 9999 9999 


1.000 1.000 1.000 1.000 1.000 


0° 


3 a 




i°.o ' "-9 ".8 °7 "-6 


°.5 °-4 °3 °-2 °.i 


Deg. 


lnlu]]«l». 

[Kh'lltta 



(39) 



4 PL. NAT. COS. 

jiGooglc 



NAT. TAN. 4 PL. 



NATURAL TANGENTS AND COTANGENTS 



FOUR PLACES. 

Note. For ootangents uio right-lMnil column of doKreet ond lower line of tenthi 



PH- 


".0 ".I °2 =.3 ".4 


'.5 °6 •'.7 =.8 =.9 




IntMiMl*. 
rwh'dth 


0° 


0,0000 o.ooi 7 0.0035 OW52 0.0070 


o.oa8j 0.0105 o,oi23 0.0140 0.0:57 


89 


IT IB 




0175 019Z 0209 0227 0244 


0262 0279 0297 0314 0333 


88 




3 


0349 0367 0384. 0407 0419 


0437 0454 0472 0489 0507 


87 


3 4 


3 


0524 0542 osja. 0577 0594 


0612 0639 0647 0664 0683 


86 


5 5 


4 


0699 0717 0734 0752 0769 


0787 0805 0822 0840 0857 


85 


7 7 


5 


0,0875 0,0893 0.09100.0918 0.0945 


0.09630.0981 0.09980.10160.1033 


84 


9 9 


6 


1051 1069 10S6 1104 iiza 


"39 "57 "75 "92 1210 


83 




7 


1328 1246 1263 izSt 1299 


'3>7 1334 135* 1370 1388 


83 


12 13 


8 


1405 1423 i44« I4S9 1477 


1495 •5«2 1530 1548 1566 


81 


14 14 


9 


1584 1602 1620 1638 1655 


1673 1691 1709 1737 1745 


SOP 


15 16 


10° 


0.17630.1781 0.1799 0.1817 0-1835 


0.1853 0.1871 0.18900.19080.1926 


79 


le so 




1944 l',2 1980 1998 2016 


2035 2053 207i 20S9 2107 


78 


2 2 




3136 3144 3162 2l8o 2199 


2217 2235 2254 2272 2390 


77 


4 4 


'3 


2309 2327 2345 2364 3382 


2401 2419 2438 2456 247s 


76 


6 6 


14 


2493 ^S'a 2530 2549 2568 


2586 2605 2623 2642 2661 


75 


8 8 


'5 


0.2679 0.2698 0.Z717 0.2736 0.Z754 


0,27730.27920.2811 0.2S30 0.2849 


74 


10 10 


16 


2867 2886 2905 2924 2943 


2962 2981 3000 3019 -038 


73 


11 12 


'7 


3057 3076 3096 31-S 3134 


3'53 3'72 3191 32" 3230 


72 


13 14 


i8 


3249 3269 3288 3307 3337 


3346 3365 3385 3404 3424 


7' 


15 16 


'9 


3443 3463 3482 3502 3522 


3541 3561 3581 3600 3620 


70° 


17 18 


20° 


0.3640 0.3659 0.3679 0.3699 0.3719 


0.3739 o;3759 0.3779 0.3799 0.3819 


69 


82 24 




3839 3859 3879 3899 3919 


3939 3959 3979 4000 4020 


68 


2 2 




4040 4061 4081 41of 41" 


4142 4163 4183 4204 4224 


67 


4 5 


*3 


4245 4265 4286 4307 4327 


4348 4369 4390 4411 443' 


66 


7 7 


24 


4452 4473 4494 45'5 4536 


4557 4578 4599 4621 4642 


65 


9 10 


as 


0.4663 04684 0.4706 04727 04748 


0.477004791 0481304834 04S56 


64 


11 12 


26 


4877 4899 4921 4942 4964 


4986 5008 5029 505' 5073 


63 


13 14 


27 


5°95 5"7 5'39 5>6' 5"84 


5206 5228 5250 5272 5295 


62 


'5 17 


23 


S3'7 S340 536a 5384 5407 


5430 5452 5475 5498 S520 


61 


18 19 


29 


5543 5566 5589 5612 5635 


5658 5681 5704 57*7 S750 


60^ 


20 32 


30° 


0-5774 0.5797 0-5820 0.5844 0.5867 


0.5890 0.5914 0.5938 0.5961 0.5985 


59 


Se 38 


3' 


6009 6032 6056 6080 6104 


6128 6152 6176 6200 6224 


58 


3 3 


32 


6249 6273 6297 6322 6346 


637' 639s 6420 6445 6469 


57 


6 6 


33 


6494 6519 6544 6569 6594 


6619 6644 6669 6694 6720 


56 


8 8 


34 


6745 6771 6796 6822 6847 


6873 6899 6924 6950 6976 


55 


10 II 


35 


0.700207028 0.70540. 7080 Q.7107 


0.71330.71590.71860.72120.7239 


54 


13 14 


36 


7265 7292 7319 7346 7373 


74D0 7437 7454 7481 7508 


53 


.6 .7 


37 


7536 7563 7590 76.8 7646 


7673 7701 7729 7757 7785 


52 


18 20 


38 


7813 7841 7869 7898 7926 


7954 7983 8oi3 8040 8069 


51 




39 


8098 8127 8156 8185 8214 


8243 8273 8302 8332 8361 


50° 


23 25 




i^.o °.9 ".8 ".7 ".6 


°.5 '.4 °.3 °-2 °-i 


Deg. 


for h'dth 



NAT. COT. 4 PL. 



„Google 



NATURAL TANGENTS AND COTANGENTS. 

4 PL. NAT. TAN. 



Dot 


=.0 '.1 ".2 ".3 '.4 


".5 "-6 ".7 "-8 °9 




.t^ 


40° 


0,8391 0,8421 0.845: 0.8481 0.8511 


0.S54: o.85'7i 0.S601 0.S632 0.S662 


49 


80 40 


41 


8693 8724 8754 8785 8816 


8847 8878 89.0 894: 8972 


48 


3 4 


42 


9004 9036 9067 9099 913: 


5:63 919s 9228 9260 9293 


47 


6 8 


43 


9325 9358 939: 9424 9457 


9490 9523 9556 9590 9623 


46 


9 12 


44 


9657 9691 9725 9759 9793 


9827 9861 9896 9930 9965 


45 


12 16 


45 


:.oooo 1.0035 i/x)70 1^105 1/1141 


1.0:76 :.Q2:2 i/)247 :,0283 1^3319 


44 


15 20 


46 


0355 0392 0428 0464 0501 


0538 0575 0612 0649 0686 


43 


18 24 


47 


0724 0761 0799 0837 0875 


09:3 0951 0990 1028 1067 


42 


2: 28 


48 


1106 1145 1184 1234 :263 


1303 1343 1383 1423 1463 


41 


24 32 


49 


1504 1544 1585 1626 1667 


1708 1750 1792 1833 1875 


40° 


2736 


50° 


1.1918 i.:96o I.2O02 1.2045 i.2o88 


1.2131 :-2i74 :.22:8 :.226t 1.2305 


39 


50 60 


5' 


2349 '393 2437 2482 2527 


2572 2617 2662 2708 2753 


38 




52 


2799 2846 2892 2938 2985 


3032 3079 3127 3:75 3222 


37 


1012 


53 


3270 3319 3367 3416 3465 


3514 3564 3613 3663 37'3 


36 


Is's 


54 


3764 3814 3865 39'6 3968 


4019 407: 4:24 4176 4229 


35 


20 24 


55 


:,428: :.4335 1-4388 :.4442 1-4496 


14550 14605 M659 1-47:5 M770 


34 


25 30 


56 


4826 4882 4938 4994 5051 


5108 5166 5224 5282 5340 


33 


3036 


57 


5399 5458 5517 5577 5637 


5697 5757 58:8 5880 594: 


32 


35 42 


58 


6003 6066 6128 6:91 6255 


6319 6383 6447 6512 6577 


3' 


4048 


59 


6643 6709 6775 6842 6909 


6977 7045 7"3 7:82 725' 


30= 


45 54 


60° 


1.7321 1.7391 1.7461 1.7531 1.7603 


1.7675 1.7747 1.7820 1.7893 1.7966 


29 


70 W 


61 


8040 8115 8190 8265 8341 


8418 8495 8572 8650 8728 


28 


7 8 


62 


8807 8887 8967 9047 9128 


9210 9292 9375 9458 9542 


27 


14 16 


63 


1,9626 :.97ii 1.9797 '-9*83 1.9970 


2X)057 2.0:45 2^>233 2.0323 2.0413 


26 


21 24 


64 


2.0503 2.Q594 2J5686 2.0778 2.0872 


2.0965 2.10602.11552.1251 2.1348 


25 


28 32 


65 


2.1445 2.:543 2.1642 2.1742 2.:84^ 


2.1943 2.2045 2-2148 2.2251 2.2355 


24 


3540 


66 


2460 2566 2673 2781 18S9 


2998 3109 32!0 3332 3445 


23 


4248 


67 


3559 3673 3789 3906 4023 


4142 4262 4383 4504 4627 




49 56 


68 


4751 4876 s^o^ 5129 5257 


5386 55:7 5649 5782 5916 




5664 


69 


6051 6187 6335 6464 6605 


6746 6889 7034 7179 7326 


20° 


63 72 


70° 


2.7475 27625 2.77762.7929 2.8083 


2.8239 2.8397 2.8556 2.8716 2.8878 


19 


«0 


7' 


2.9042 2.9208 2.937s 2.9S44 2.97'4 


2.9887 3.0061 3.0237 3.04:5 3.0595 


iS 


9 


72 


3.0777 3-096: 3-"46 3-1334 3-1524 


3.1716 3.1910 3.2106 3.2305 3.2506 


17 


18 


73 


2709 2914 3122 3332 3544 


3759 3977 4i97 44zo 4646 


16 


27 


74 


4874 5'°5 5339 5576 sa'6 


6059 6305 6554 6806 7062 


15 


36 


75 


3-7321 3-7583 3-7848 3.8118 3.839' 


3.8667 3.8947 3.9232 3.9520 3.9812 


14 


45 


76 


4.01084^54084.07134.10224.1335 


4.1653 4.1976 4.2303 4.2635 4.2971 


13 


54 


77 


4-3315 4.3662 4.40:5 44374 4-4737 


4.5107 4.5483 4.5864 4.6252 4.6646 




63 


78 


4.70464.74534.78674.82884.87:6 


4.9152 4-9594 5-0045 S-05O4 5-0970 




72 


79 


5.1446 5.1929 5-2422 5.2924 5.343s 


S-3955 5-4486 5.5026 5.5578 5.6140 


10° 


81 


80° 


5-6713 5-7297 5-7894 5-8502 5-9'24 


5.9758 6/^405 6.1066 6.1742 6.2432 


9 




81 


6.3138 6.3859 6.4596 6.5350 6.6:22 


6.6912 6.7720 6.8548 6.9395 7,0264 


8 




82 


7.1154 7.2066 7.3002 7,3962 74947 


7-5958 7-6996 7-8062 7.9158 8.0285 


7 




83 


S,:443 B.2636 a.3863 8.5:26 8.6427 


8.7769 8.9152 9.0579 9.2052 9.3SJ2 


6 




84 


9.5:44 9-677 9-845 1O-02 10-2O 


10.39 10.58 :o.78 10.99 i:.2o 


5 




35 


1:43 11.66 :i.9i 12,16 12.43 


12,71 13.00 13.30 13,62 13.95 


4 




86 


14.30 :4.67 15.06 15.46 :5,89 


16.35 16.83 '7-34 17.89 1846 


3 




87 


19.08 19.74 20-45 21.20 22.02 


22,90 23.86 24,90 26.03 27.27 






88 


28.64 30-14 3:.82 33-69 35-80 


38.19 40.92 44.07 47.74 52JD8 


I 




89 


57.29 63.66 71-62 81.85 95-49 


114.6 143.2 191.0 286.5 573-0 


0° 






i-.o ".p ".8 ".7 "-6 


°.5 °-4 °-3 °2 °.i 


Deg. 


KSU 



(41) 



4 PL. NAT. COT. 

„Google 



LOG. SIN. 4 PL. 



LOGARITHMS OF SINES AND COSINES 



FOUR PLACES. 

Nota. For log. oot. iite right-hand column of degreos and lowor lino of tontha. 



■m- 


=.0 °.I ".2 '.3 U 


°.5 °6 =.7 °.8 °.9 




■tnpol* 


0° 


~-a 3.34'9 35429 3-7'9o 38439 3'94o8?.0200z.o8702.i4502.i96i 


89 


96 8S 




2.24195.28322.32102,35582.3880 2 


4179244592 


4723249712.5206 


88 


4 3 


3 
4 
5 


2.5428 2.5640 2.5842 Z.6035 2.6220 2 


63972.65672 


67312.68892.7041 


•87 

86 
85 
84 


7 5 
11 8 
14 10 
18 13 


2.7188 2.7330 2.7468 2.7602 2.7731 2 


7857 2.7979 2 


8098 2.8213 2.8326 


2,8436 2.8543 28647 2,8749 2.8849 2 


8946 2.9042 2 


91352.92262.9315 


2.9403 29489 2.9573 2.9655 2.9736 2 


98165.98942 


99701.00467.0120 


6 


1.0192 1.0264 1.0334 1/J403 ''.0472 1 


0539 1.0605 I 


0670 1.0734 1.0797 


83 


21 15 


7 
8 


1.08591.09201.09811.10407.1099 7 


11571.12141 


1271 7,1326 1.1381 


81 


25 18 

28 20 


1.1436 11439 1-1542 1-1594 11646 1 


1697 1.1747 1 


I797'.i847 1.1895 


9 


1.19431.19911.20387.20851.2131 ■■ 


21767.2221 T 


2266 1.23101.2353 


80° 


32 23 


10° 


7.23977.24397.24827-25247.2565 7 


2606T.26477 


2687727277.2767 


79 


81 IB 




z8o6 2845 2883 2921 2959 


2997 3034 3070 3107 3143 


78 


2 3 




3179 3214 3250 3284 3319 


3353 3387 3421 3455 3488 


77 


4 4 


>3 


3521 3554 3586 3618 3650 


3682 3713 3745 3775 3806 


76 


6 5 


14 


3837 3867 3897 3927 3957 


3986 4015 4044 4073 4102 


75 


8 7 


•5 


7.4130^158741867.42147.4242 r 


4269 7.42967.4323 74350 74377 


74 


11 9 


i6 


4403 4430 4456 4482 4508 


4533 4559 4584 4609 4634 


73 


13 11 


■7 


4659 4684 4709 4733 4757 


4781 4805 4829 4853 4876 


72 


15 '3 


iS 


4900 4923 4946 4969 4992 


5015 5037 5060 5°82 5104 


7> 


17 '4 


19 


5126 5148 5170 5192 5213 


5235 5256 5278 5299 5320 


w 


19 16 


20° 


i'.534i 7.536175382 7.5402 75423 7 


5443 T.5463 '-5484 7.5504 T.5523 


69 


16 18 




5543 5563 5583 5602 5621 


5641 5660 5679 5698 5717 


68 






5736 5754 5773 5792 5810 


5828 5847 5865 5883 5901 


67 


3 3 


^3 


5919 5937 5954 5972 5990 


6007 6024 6042 6059 6076 


66 


5 4 


24 


6093 6110 6127 6144 6161 


6177 6194 6210 6227 6243 


65 


6 5 


25 


7,62597.6276 7.6292 7.6308 7.6324 I 


63407.6356 1.6371 7.63877,6403 


64 


8 7 


36 


6418 6434 6449 6465 6480 


6495 6510 6526 6541 6556 


63 


9 8 


'7 


6570 6585 6600 6615 6629 


6644 6659 6673 6687 6702 


62 


n 9 




6716 6730 6744 6759 6773 


6787 68ot 6814 6828 6842 


61 




29 

30° 


6856 6869 6883 6896 6910 


6923 6937 6950 6963 6977 


60° 

59 


XI 8 


7.6990770037.7016770291.7042 7 


7055 770687.70S0 77093 77106 


31 


7118 7131 7144 7156 7168 


7181 7193 7205 7218 7230 


58 




3* 


7242 7254 7266 7278 7290 


7302 73'4 7326 7338 7349^ 


57 


2 2 


33 


7361 7373 7384 7396 7407 


74"9 7430 7442 7453 7464 


56 


3 3 


34 


7476 7487 749S 7509 7520 


7531 7542 7553 7564 7575 


55 


4 4 


35 


1.75861.75971.76071.76181.7629 7 


76407.7650 T.7661 1.7671 1.7682 


54 


6 5 


36 


7692 7703 7713 7723 7734 


7744 7754 7764 7774 7785 


53 


7 5 


37 


7795 7805 7815 7825 7835 


7844 7854 7864 7874 7884 


52 


8 6 




7893 7903 7913 7922 7932 


7941 7951 7960 7970 7979 


51 


9 7 


39 


7989 7998 8007 8017 8026 


8035 8044 8053 8063 8072 


50° 


10 8 




I'.o ".<> ".8 ".7 ".6 


°.5 '.4 ".3 °.2 ".I 


Oeg. 


iRtHpoll 

hrh'dth 



LOG. COS. 4 PL. 



jiGoogIc 



LOCARITHMS OF SINES AND COSINES. 

4 PL. LOG. SIN. 



Dee. 


".0 °.i ".2 °.3 °.4 


'.S =.6 °.7 °-8 =.9 




Int«rp«l«. 
UblM. 


40° 


T.8081 1.80901.80997.81087^117 


7.81257,81341.81437-81527.8161 


49 


8 8 7 


41 


8169 8178 8187 8195 S204 


8213 8221 8230 8238 8247 


48 




42 


8s55 8264 8272 8280 8289 


8297 8305 8313 8322 8330 


4'7 


2 2 I 


43 


833S 8346 8354 8362 8370 


8378 8386 8394 8402 8410 


46 




44 


8418 8426 8433 844" 8449 


8457 8464 S472 8480 8487 


45 


4 3 3 


45 


7.8495 T.8502 7.85101,85177.8525 


7.8532 7.85407,8547 7.8555 7.8562 


44 


5 4 4 


46 


8569 8577 8584 8591 8598 


8606 8613 8620 8627 S634 


43 


5 5 4 


47 


864" 8648 8655 8662 8669 


8676 8683 8690 8697 8704 


42 


6 6 5 


48 


8711 8718 8724 S731 8738 


8745 8751 8758 8765 8771 


41 


766 


49 


8778 8784 8791 8797 8804 


88io 8817 8823 8830 8836 


40° 


876 


50° 


7.8843 '-8849 T.8855 r.8862 T.8868 


1.88747,88801,88871.88937.8899 


39 


6 S 4 


5' 


8905 8911 8917 3923 8929 


8935 8941 8947 8953 8959 


38 


I I 


S* 


8965 8971 8977 8983 8989 


S995 9000 9006 9012 9018 


37 




S3 


9023 9029 9035 9041 9046 


9052 9057 9063 9069 9074 


36 




S4 


9080 9085 9091 9096 9101 


9107 9112 9118 9123 9128 


35 


222 


S5 


T-9I34 ' .9 '39 1-9 144 r.9'49 T.giSS 


1,91607.91657,91707.91757.9181 


34 


332 


56 


9186 9191 9196 9301 9206 


9211 9216 9221 9226 9231 


33 




57 


9236 9241 9246 9251 9255 


9260 9265 9270 937s 9379 


33 


4 4 3 


58 


9284 9289 9294 9298 9303 


9308 9312 9317 9322 9326 


3' 


5 43 


S9 
60° 


933' 9335 934° 9344 9349 


9353 9358 9362 9367 937' 


30° 

29 


4 S 2 


T-937S ^9380 7.9384 7.9388 r.9393 


793977.9401 794067.94'o 7.9414 


61 


9418 9422 9427 943> 9435 


9439 9443 9447 945' 9455 






62 


9459 9463 9467 9471 9475 


9479 9483 9487 949' 9495 


27 




63 


9499 9503 9506 9S'o 9514 


95'8 95" 95'5 9529 9533 


26 




64 


9537 9540 9544 9548 955' 


9555 9558 9562 9566 9569 


25 


2 I I 


65 


7.95731-95767.95807.95837.9587 


1,95907,95941.95971.9601 1.9604 


24 


2 2 1 


66 


9607 9611 9614 9617 9621 


9624 9627 9631 9634 9637 


23 




67 


9640 9643 9647 9650 9653 


9^56 9659 9662 9666 9669 






68 


967a 9675 9678 9681 9684 


9687 9690 96fe 9696 9699 


21 


322 


69 


9702 9704 9707 9710 9713 


9716 9719 9722 9724 9727 


20° 


432 


1(f 


r.9730 7.9733 7.9735 7.9738 7.9741 


7.97437.97467.97497.975" 7.9754 


'9 


3 9 1 


T 


9757 9759 97^2 97&4 9767 


9770 9772 9775 9777 9780 


18 




71 


9782 9785 9787 9789 9792 


9794 9797 9799 980' 9804 


'7 




73 


9806 9808 9811 9813 9815 


9817 9820 9822 9824 9826 


16 




74 


9828 9831 9833 9835 9837 


9839 9841 9843 9845 9847 


'5 


I I 


75 


7.9S497.985" 7.9853 "-9855 >-9857 


1.9859 1.9861 1.98631.9865 1.9867 


14 


2 I 1 


76 


9869 9871 9873 9875 9876 


9878 9880 9882 9884 9885 


'3 




77 


9887 9889 989' 9893 9894 


9896 9897 9S99 990' 9902 






78 


9904 9906 9907 9909 9910 


9912 9913 9915 9916 99'8 


11 


2 2 1 


79 


9919 992' 9922 9924 9935 


9927 9928 9929 9931 9932 


10° 


3 2 I 


w 


T.9934 > -9935 1-9936 •■.9937 ''.9939 


7.99407.99411.99431.99447.9945 


9 




Si 


9946 9947 9949 9950 9951 


9952 9953 9954 9955 995^ 


8 




82 


9958 9959 9960 9961 9962 


9963 9964 9965 9966 9967 


7 




83 


9968 9968 9969 9970 9971 


9972 9973 9974 9975 9975 


6 




84 
85 


9976 9977 9978 9978 9979 


9980 998' 998' 9982 9983 


5 




1.9983 T.9984 T.9985 T.9985 ".9986 


r.9987 7.9987 '-9988 1.9988 1.9989 


86 


9989 9990 9990 9991 999' 


9992 9992 9993 9993 9994 


3 




87 


9994 9994 9995 9995 999^ 


9996 9996 9996 9997 9997 








9997 9998 9998 9998 9998 


9999 9999 9999 9999 9999 






89 


9999 9999 "^ ^"° "ro 


lero leto leto zero lero 


0° 


2 1 




i°.o '.9 °.8 ".7 ".6 


°.5 °-4 °-3 °2 °.i 


D.g. 


IntHpola 
rorh'dtht 



(43) 



4 PL. LOQ. COS. 

Digitized by LjOOQ IC 



LOG. TAN. 4 PL. 



LOGARITHMS OF TANGENTS AND COTANGENTS 



Note. For log- cot. i 



FOUR PLACES. 

« right-hxnd column of dagrees and lowsr line of tenth 



Dei^ 


°.o 


°.I 


°.2 


°-3 'a 


°-5 


-.6 ".7 °-8 ".Q 




Intupnti 
'orh'dth 


OP 


-* 3-24193-54293 


71903.8439 3.9409 


.0200 Z.0870 2.1450 2.1962 


89 


35 ST 




2419 


.2833 2 


32112 


3559* 




4181 


44612.4725249732 


5208 


88 


4 3 




543' 


-56432 


58455 


603&2 


6223 2 


6401 


.65712.67362.68942 


7046 


87 


7 5 


3 2 


7'94 


■73372 


7475 2 


76092 


7739 2 


7865 


,79881.81073-82232 


8336 


86 


11 8 


4 ^ 


8446 


-85545 


86592 


S762i 


8862 2 


8960 


.9056 2.9150 Z.9241 2 


933' 


85 


14 11 


5 ^ 


9420 


-.9506 2 


959' 2 


96742 


9756 2 


9836 


"■99'5 5-9992 T.oo68r 


0143 


84 


.8 14 


6 I 


021 5 


.0289: 


03601 


04301 


0499 1 


0567 


.06331.06991,07641 


0828 


83 


21 16 


7 T 


089. 


'.0954 T 


10151 


1076. 


"35 ' 


"94 


.12521.13101.13677 


'423 


82 


25 19 


8 T 


.478 


-1533 I 


■5871 


16407 


1693 T 


1745 


.17977.18487.18987 


1948 


81 




9 I 


'997 


.20461 


20941 


2142? 


2189 T 


2236 


.22821.23281.23741 


2419 


SOP 


32 24 


10° T 


2463 


.2507 r 


855' T 


25947 


2637 T 


2680 


.2722T.2764T.Z8051 


2B46 


79 


aa 23 




2887 


2927 


2967 


3006 3046 


3085 


3123 3162 3200 3137 


78 


3 2 


12 


3275 


33'2 


3349 


3385 3422 


3458 


3493 3529 3564 3599 


77 


5 5 


13 


3634 


3668 


3702 


3736 3770 


3804 


3837 3870 3903 3935 


76 


8 7 


14 


3968 


4000 


4032 


4064 4095 


4127 


4158 4189 4220 4250 


75 


10 9 


'5 ^ 


4281 


"431"' 


4341 I 


437' '4400 T 


4430 


"■-4459 "'.4488 7-45 ' 7 '■4546 


74 


13 12 


i6 


4575 


4603 


4632 


4660 4688 


4716 


4744 477' 4799 4826 


73 


15 14 


'7 


4853 


4S80 


4907 


4934 4961 


4987 


5014 5040 5066 5092 


72 


18 16 


i8 


5118 


5143 


5169 


5195 5220 


5245 


5270 5295 5320 5345 


7' 


20 18 


19 


5370 


5394 


5419 


5443 5467 


549' 


55'6 5539 55^3 5587 


70° 


23 2: 


20° T 


56" 


"56347 


5658 T 


56811.5704 r 


5727 


■5750 ''.57731.57967.5819 


69 


21 le 




5842 


5S64 


5887 


5909 5932 


5954 


5976 5998 6020 6042 


68 




22 


6064 


6086 


6108 


6129 6151 


6172 


6194 6215 6236 6257 


67 


4 4 


23 


6279 


6300 


6321 


6341 6362 


6383 


6404 6424 6445 6465 


66 


6 6 


24 


64S6 


6506 


6527 


6547 6567 


6587 


6607 6627 6647 6667 


65 


8 8 


25 T 


6687 


^.67061 


67261 


6746r.6765 T 


6785 


-.68047.68247.68437.6863 


64 


11 to 


26 


68S2 


6901 


69» 


6939 6958 


6977 


6996 7015 7034 7053 


63 


13 " 


27 


7072 


7090 


7109 


712S 7146 


7165 


7183 7202 7220 7238 


62 


'5 '3 


28 


7257 


7275 


7*93 


73" 7330 


7348 


7366 7384 7402 7420 


61 


■7 15 


29 


7438 


7455 


7473 


7491 75^^ 


7526 


7544 7562 7579 7597 


60° 


19 17 


30° T 


76.4 


-.7632 F 


76491 


7667T.7684 T 


7701 


"77197.77367.7753 T.7771 


59 


17 16 


31 


7788 


780s 


7822 


7839 7856 


7873 


7890 7907 7924 7941 


58 




32 


7958 


7975 


7992 


8008 8025 


8042 


S059 8075 8092 8109 


57 


3 3 


33 


8125 


8142 


8.5S 


8175 8191 


8208 


8224 8241 8257 8274 


56 


5 5 


34 


8290 


8306 


8323 


8339 8355 


837' 


8388 8404 8420 8436 


55 


7 6 


35 7 


8452 


"8468 T 


8484! 


85011.8517 r 


8533 


-.85491.8565 '■858' 1.8597 


54 


9 8 


36 


8613 


8629 


8644 


8660 8676 


8692 


870S 8724 8740 8755 


S3 


10 9 


37 


8771 


8787 


8803 


88.8 8834 


8850 


8865 8881 8897 8912 


52 




38 


8928 


8944 


8959 


8975 8990 


9006 


9022 9037 9053 9068 


5' 


■4 12 


39 


9084 


9099 


9"5 


9130 9146 - 


9161 


9176 9'92 9207 9223 


50° 


15 '4 




1°.0 


°9 


".8 


°.7 "-6 


°-S 


°.4 °,3 ".2 °,I 


Deg. 


forh'dihi 



LOG. COT. 4 PL. 



„Google 



LOGARITHMS OF TANGENTS AND COTANGENTS. 

4 PL. LOG. TAN. 



0«g. 


^o ".1 '.2 ".3 u 


°.5 ".6 °.7 ".8 ".9 




ry^ 


40° 




49 


IB 16 


7.9238 1.9254 1.92697.9284 7.9300 


1-9315 1-9330I-93461.9361 1-9376 


41 


1.9392 1.9407 1.9422 1.9438 1.9453 


1.9468 1.9483 1.9499 1,9514 19529 


48 


2 2 


42 
43 
44 


I.9S44 ''.95601.9575 1.9590 1.9605 


r.9621 7.9636 7.9651 7,9666 7,9681 


47 
46 
45 


3 3 

5 5 

6 6 


i.9697i.97'2'-9727 '■97421-9757 


1.9772 1.97881.9803 1.9818 1.9833 


1.9848 r.9864 1.9879 1.9894 ■■9909 


1.9924 1,9939 1-9955 1-9970 1-9985 


45 


0,00000,0015 0.00300.0045 0.0061 


0.0076 o/»9i 0.01060.0121 0.0136 


44 


8 8 


46 


0152 0167 0182 0197 0212 


0228 0243 0258 0273 0288 


43 


9 10 


47 


0303 0319 0334 0349 0364 
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MATHEMATICAL CONSTANTS. 1 
















LosaeithM. 




2.71 3z8 IS 


Base of Napierian, natural, or hyperbolic 
logarithms. 


043 429 45 


i/logi». 


3.302585 


Factor to multiply into common logs to 
conTcrt into Napieriaa logs. 


0.36 «i 37 


lOfcM 


0^342945 


Factor to multiply Into Napierian logs to 
converl into common logs. 


1.6377843 


w 


3.14 1S9 265 


Ratio of circumference to diameter. 


0.49 714 99 


■^ 


9.8696044 


Square of r. 


0,9942997 


I radiao 


57° -7' 45" 


57-°*958= 206265." =arc equal to 
radius. 






UNITED STAl 


ES, BRITISH, AND METRIC UNITS. 




N™,-Th 


e following ratios ote 


given on the auUiority of tho U. 8. Coast and Geodetic Survey, | 


"Tables of W 


lgh««dMoasa«s. 


WaaWnEton, D. C, 1890. ■■ 




imetie 


39.37 inohea. 


This Is the legalized ratio for the U. S. 
The U. S. and the British inch are equal. 
By comparisons to date (July, 1895), it 
appears probable that this value is smal- 
ler than the real raUoof the "Metre des 
Archives " to the thirtj-Bixth part of the 
"Imperial Standard Yard" by one or 
two parts in one million. 


1-59 5-6 54 


imetre 


1x19 361 1 yard. 


The U. 8. and the British yard are 
equal. 


0.03 886 29 


I metre 


3.28 08 33 feet. 




0.51 598 4J 


I kilometei 


0.62 13 70 mile 


of 5280 feet 


'■7933503 


1 mile 


i.6o934 7kilom. 




0.2066497 


I yard 


0.91 440 2 metre. 




1.96 113 71 


I foot 


0.30 480 I metre. 




T4840158 


tinch 


254000501111. 


Deduced from above legalized ratio of 
yard and metre in U. S. 


(.4048346 


I inch 


25.40000 mm. 


is more convenient besides being proba- 
bly more esact. It is probably about 
one part in one million too small, as 
the reciprocal of 0.0254 is 39.37 008. 


1.4048337 
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CONSTANTS. 



CONSTANTS. 



QuiSTtn. 


VAira. 




COKMOB 


I pound At. 


7000 grains. 


The pound aToirdupois is tbe 
same in Great Brilata and the 

U.S. 


3A150980 


I ponnd Av. 


453.59 242 77 erammes. 


2.65 666 58 


I ounce At, 






MS 254 59 


lOunceXroy 


3 1.10J48 grammes. 




149 380 91 


I gnin 


0.06 479 89: gramme. 


Avoirdupois and Troy grains are 
the same. , 


2.81 156 78 


1 kilogiamme 


2.» 46a 2 pounds At. 




0-3433342 


igranuao 


1543 235 639 grains. 




1.1884322 


1 litre 


I. OS 668 U. S. qoMTta. 


By original definition one litre 
was tlie volume of one cubic 
decimetre, but at present the 
accepted definition is tl^at pro- 
visioually adopted by the Inter- 
national Bureau of Weights and 
Measures in 1S80, viz.: the 
volume of one kilogramme of 
water at its maximum density. 
The experimental determina- 
tion with high accuracy of the 

and the cubic decimetre is still 

ues aaaume this ratio to be 
imilj. 


0.023944 


I litre 


0.36417 U, S. gallon. 




r42i884 


I litre 


33.814 U. S. fluid oz. 




1.52910 


I quart, U. S. 


0.94 636 litre. 




1.976056 


I gallon, D. S. 


3.78 544 litres. 




0.578116 


I fluid ounce 


0.02 957 3 litre. 




247090 


I gallon, tr. S. 


231 eu. inches. 




2.36 361 20 


I Britisli gaUoa 


4.54 346 litres. 




0.55 738 67 


I Britiah bushel 


36.34 77 litres. 




1.5604769 


MEC 


HANICAL OR DYNAMICAL EQUIVALENT OF HEAT. 


Tlie best value 


of this qoantity (usually denoted by J) at present attainable (NoTem- 


ber, 1895) are the 


following. The values are uncertain by only about ± one twentieth 


of one per cent. 




437.3 kilogramm 


etrea of work or energy are required at latitude 45°, sea-level 


Cff = 980.6 


o.g.s.), to raise i kilogramme of water through 1° C. at 15° C. 


778.8 ft. lbs. of w 


otk or energy are required at latitude 45°, sea-level (g = 980.6 cg.s.), 


to raise i 


b. of water through 1° Fahr. at 59° Fahr. (= 15° C). For moet 


engineering 


purposes 779 ft. lbs. vould be near enough. 



(?■) 



CONSTANTS. 
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CONSTANTS. 



CONSTANTS. 



1401 ft. lbs. of work or energy are required at latitude 45°, Bea--leTel {g = 9S0.6), to 
raise t tb. of water tlirougli i" Cent, at 15° C. Ftir most englaeering ptupoaeB 
1400 ft. lbs. would be near enough. 

4.igo'io' eigi of work or energy are required to raise i grainine of water throogh 1° C. 

.i,s°c. 

To reduce tbese values to any given locality, multiply by tbe ratio gu : g, where g^ is 
the value (980.6) of the acceleration of gravity at latitude 4j°, sea-level, and g is the 
value at the given place. The latter may be obtained from the latitude and altitude of 
tbe place by the formula given upon the next page, unless otherwise better Imown. The 
idtitnde correction is but six one-thousandths of one per cent (aoo 006) for each 1000 ft. 
of elevation, and therefore quite negligible. Within the limits of uncerl^nty of the 
quantities involved the latitude correction for places between 30° and 60° may be 
applied thus : — 

I 4»J.J I Tfi-> I '4" 

Fnr uoh d«frea of latitude north or 4s° Inbtract 0.04^^01. o.ojft. Ibg. 0.13 ft. lbs. 

For euh dttgree of latitude aouth or 4;° add I ojnigm. \ 0.07 ft. Ib>. | 0.13 ft lbs. 

Note. — Tlie perilstencs with whicb 



Ifle, blthongh ki 



>r0d TalneB. 77a ft. lbs. and 494 kym., of thla moit bnp' 
lown to be nearly one per ceot too nosU. Is due larfely 
if both phy><(« and eoglneeriDg. Bo atteuUoii Is paid 
tbe 1^ tbtt Joule's original data have been UDanded aectptabli/ to Aim, and that fala vork hu been >npp 
■nented by the elaborate roiaarehei of at leaet three otlier Independebt obBerven with ndkall/ diva 
methods. How romarkablj these new result! check each other and oonBnn JouJe'i amtndtd results maj 
seen fkvm tbe toUowlDg table, which Is given to Indlekta the source of the foregoing values. 





OaiSBAL DAT.. 


En.ccB> 

toL*t. 


DITFS. 


Dais. 






kgoi. 


.- 


f.C. 


BnramKii.* 


reduced to Baltlmoro bf 
Eowland.) [Asslgalug eq. 

[Asrtpilng Rowland's arbl- 
trwywta.1 
Mean of both. 


4«7-M 

416.66 


980.05 

,80^5 
9S0.OS 


"j-° 


4.7-08 


-I* 


.847-78 


Bowbiid and Orlfltlia 


EowLus [at Balthnore]. 

GiimTHs [at Greenwloh]. 

(In orgs.) 
MiODi»oii[«lP«ris]. 


4'7-4 
HM.IO' 
4^.B4 


980.05 
981.17 

»a..oo 


.1- 


427.16 


+^ 


■879 
.89. 
189J 


Proc Am. Al«id. A. 
•Kia.IT. 7s(i8fai. 

PhlLTr.nBa«.oliiiiv. 
496('893l. 

AnB.deCh.etdePb. 
xxTlL»3j(.89a). 


Mean of all. 








4^->4 


±..3 






Mean omltUug Joule. 


437->9 













The specific heat of water, and therefore the value of J, diminishes slightly with rise 
of temperature. The rate of this diminution is not yet satisfactorily determined, but 
about as nearly aa it is now known the true specific heat s, at any temperature (° not far 
from 15° C, may be expressed in terras of true specific heat sk at 15° C. by 



= <itC'' 



«030(t-i5)]. 



Hence J) , the number of kgm. c 
(o + 1° will be 

.7. = ^is[i. -O.C 



raise 1 kgr. of wai 
[Range 13°- 20^'], 
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or for I lb. of water i° Fahr. 

J, = Jst [i - o.ooo3o(( - 59)] [Range 56° - 68°]. 

The Taluee of Ju and Jig are given on pages 71 and 72. For further discussion of tliie 
subject consult GoiFFiTHS, Phil. Mug. xl. 431 (1S95). 

The scale of temperature in which these resulls are expressed is the hydrogen scale 
of the Intemational Bureau of Weights and Measures, which represents, as nearly as i 
known, the 'I'homsou absolute scale. 



VALUE OF 9 AT DIFFERENT LATITUDES AND ELEVATIONS. 

ff = »« oCi - 0.00 259 COS 2 X - ojx) 000020 M). 
uj) = 980.6 -^^ approz. This Is the approsimate average value of g at latitude 45°, 

sea-level. The experimental values vary widely in the next place of figures. 
X = latitude of ptaee. 
S= altitude of place above sea-level in metres. 

N'oTE. — Very recant obaervifloDBreDder It probsblo thu near the eutb'e aurbca Ui« ca«l6i^eDt gf i/is 



BROWN AND SHARPS WIRE QAUGE. 

The diameter corresponding to any gauge number above zero (i.e. of any e 
than that of a No. o wire) may be found to within one hundred-thousandth of an inch 
(five decimal places) by the expression 
Diam, in inches of 1 
gauge number ft 1 
or, L(^ of diam. in inches = T.51 1 70 -1-7.94 964 5 n, 

of, " " " " " =9.51 170- 10.-K9.949645- io.)n. 

The diameter corresponding to any gauge numbers o, 00, 000, and ao on, may si 
larly be computed by the following expressions in which N is the number of zeros. 



:0.32486 x0.89052 s". 



Diam. hi inches =0.28 930X 1,12 293", 
Log of diam. in inches =7,46 1348 H- 0.05035 3 W. 
'he two primary sizes on which the gauge is based are No. 0000, diameter 0.46 inch 
exactly, and No. 36, diameter 0x10$ inch exactly. 



PHYSICAL AND CHEMICAL CONSTANTS. 

,r und BSrnstbih, Physikalisch — 
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NOTICES. 



"The author presents in this volume a very interesting review of the 
development of mathematics. The work throughout has been written 
with care and evident understanding, and will doubtless be of interest 
and value to students of mathematics. Professor Cajori treats his sub- 
ject, not only with a certain enthusiasm, but with a masterfiil hand." — 
Philadelphia Evening Bulletin. 

" We have nothing but commendation to bestow," — Scientific 
American. 

" The best we can say of the work is that it is more interesting than 
any novel." — Queen's Quarterly. 

"After having read this admirable work, I take great pleasure in 
recommending it to all students and teachers of mathematics. The 
development and progress of mathematics have been traced by a master 
pen. Every malheraatician should pro<Mire a copy of this book. The 
book is written in a clear and pleasing style." — Dr. Halsted, in 
American Mathematical Monthly. 

" A scholarship both wide and deep is manifest" — Journal of Edu- 

" A clear, concise, and critical account. Its style is so clear, concise, 
and so enlivened by anecdote as to interest even the young reader." — 
The School Review. 
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